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ZOOLOGICA 

SCIENTIFIC CONTRIBUTIONS 

OF THE 

NEW YORK ZOOLOGICAL SOCIETY 


1 . 

A New Crayfish from San Luis Potosi, Mexico . 1 
(Decapoda, Astacidae). 

Hokton II. Hobbs, Jr. 

(Text-figure 1). 


The new crayfish here described was taken 
by the New York Aquarium Cave Expedition 
to La Cueva Chica, a limestone cave in the State 
of San Luis Potosi, Mexico. An interesting ac¬ 
count of this cave was published by Mr. William 
Bridges in the Bulletin of the New York Zo¬ 
ological Society (Vol. XLI1I, No. 3) in June, 
1940. In this paper Mr. Bridges mentions the 
occurrence of crayfish in the cave, and at my 
request Dr. Charles M. Breder, Jr., of the New 
York Aquarium, and Mr. Marshall B. Bishop, 
of the Peabody Museum, have kindly lent me 
the 34 crayfish taken from the cave, and given 
me permission to describe them. Upon ex¬ 
amining this series I find that while they are 
closely allied to one of the most common species 
in the United States, they are distinct. 

During December, 1939, an expedition from 
the Department, of Biology of the University of 
Florida collected in the states of Nuevo Leon 
and Tamaulipas, Mexico. A fine series of an 
apparently new subspecies of Cambarus bland - 
ingii was taken one mile north of Villa Juarez, 
Tamaulipas, but was not described since the 
collection contained no first form males. 

After having compared specimens of bland - 
ingii acutus from the southern United States 
with the Cueva Chica and Tamaulipas bland- 
ingii , I find that the specimens from Tamau- 
lipas are intermediate between these two, and 
that the Cueva Chica material represents a new 
race of blandingii. 

Cambarus blandingii cuevachicae, 

new subspecies. 

Diagnosis. Cambarus blandingii cuevachicae 
is a member of the subgenus Ortmannicus (i. e., 


the first pleopod of the first form male termi¬ 
nates in four distinct parts, and hooks are 
present on the ischiopodites of the third and 
fourth pereiopods). Rostrum broad with small 
lateral teeth. Areola 'practically obliterated 
(hardly broad enough to bear a single row of 
punctations). Carapace strongly granulate ex¬ 
cept along median dorsal surface. First pleopod 
of first form male similar to that of C. blandingii 
acutus. (See Text-fig. 1, B and D). 

Holotypic Male (Form 1). Body subovate; 
compressed laterally. Abdomen narrower than 
thorax (1.54-1.91 cm. in widest parts, respec¬ 
tively). 

Width of carapace greater than depth in re¬ 
gion of caudodorsal margin of cervical groove. 
Greatest width of carapace about midway be¬ 
tween caudodorsal margin of cervical groove 
and caudal margin of cephalothorax. 

Areola almost obliterated in middle (hardly 
broad enough to bear a single row of puncta¬ 
tions); cephalic section of carapace about 1.7 
times as long as areola (length of areola 35.2% 
of entire length of carapace). 

Upper surface of rostrum deeply excavate; 
margins slightly convex distad of base, taper¬ 
ing and forming minute tubercles at base of 
acumen. Acumen short and broad, extending 
to base of distal segment of peduncle of anten- 
nule. Upper surface punctate; lateral margins 
with setiferous punctations almost to tip of 
apex. Subrostral ridge not evident in dorsal 
view. Postorbital ridges terminate cephalad in 
small tubercles, not spmiform. Suborbital angle 
absent. Branchiostegal spines present as large 
acute tubercles. 

‘A contribution from the Department of Biology. Uni¬ 
versity of Florida, Gainesville, Florida. 
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Surface of carapace .strongly granulate except 
on dorsomedian surface of cephalic region; here, 
with setiferous punctations; one larger acute 
tubercle on either side in place of lateral spine, 
which is flanked by two or three slightly smaller 
ones. 

Abdomen slightly shorter than carapace (3.6- 
3.79 cm.). 

Anterior section of telson with one spine in 
each posterolateral corner. 

Epistome broader than long; subminaret 
shaped; margins not raised; faveolus present at 
base; small obtuse tubercle on median cephalic 
border. 

Eyes well developed. 

Antennules of the usual form with a well devel¬ 
oped spine on ventral surface of basal segment. 

Antennae reaching to caudal margin of telson. 
Antennal scale broad (broadest in middle) with 
a moderately well developed spine on outer dis¬ 
tal margin, reaching to distal segment of 
peduncle of antennule. 

First right pereiopod long and relatively 
slender. Hand entirely tuberculate. A single 
row of eight strong tubercles along inner margin 
of palm subtended dorsad by two weaker rows 
and a few scattered tubercles. Very weak ridge 
present on upper surface of immovable finger. 
Another weak ridge present on outer distal mar¬ 
gin of same finger. 

Movable finger of right chela with minute tu¬ 
bercles along distal half of inner margin (crowded 
on distal third). Lateral margin convex laterad; 
two distinct rows of tubercles present on lateral 
margin along proximal two-thirds; an upper row 
of 24, arising near base of finger, and a lower 
row of 17 tubercles originating at base of distal 
three-fourths. A few scattered tubercles pres¬ 
ent on all surfaces near base of finger. Proximal 
two-fifths of outer margin with five tubercles. 
Distal upper, lower, and mesial surfaces setose 
punctate. 

Immovable finger of right chela with minute 
denticles on distal two-thirds (crowded on distal 
third). Mesial margin concave laterad; two 
distinct rows of tubercles on mesial margin: 
the upper row with 20 tubercles along the 
proximal two-thirds (the fifth is decidedly larger 
and more conspicuous than the others) and the 
lower row of 13 along the proximal three- 
fourths (the seventh is decidedly the largest of 
this row). When the fingers are brougnt to¬ 
gether the large tubercle on the upper side of 
finger lies over the movable finger and the large 
one on the lower row extends beneath it. 

Carpus longer than wide, much shorter than 
inner margin of palm of chela; shallow irregular 
furrow above. Mesial and upper mesial sur¬ 
faces tuberculate; four large spike-like tubercles 
on mesial distal half; upper lateral, lateral, and 
ventral surfaces with setiferous punctations. 

Merus with dorsal, ventral, distal mesial, and 
distal lateral surfaces tuberculate; proximo- 


mesial and proximolateral surfaces with a few 
scattered punctations. Fourteen tubercles in 
a row on upper margin. Lower mesial margin 
with a row of 19 tubercles, and lower lateral 
margin with a row of 15 tubercles. 

Hooks on iechiopodites of third and fourth 
pereiopods. Both nooks are Blender and simple. 

Coxopodite of fourth pereiopod with a large 
knob-like protuberance on caudomesial margin. 

First pleopod extending almost to coxopodite 
of second pereiopod when the abdomen is flexed. 
Tip terminating in four distinct parts. The 
mesial process is subspiculiform and is directed 
distad and laterad: is exceeded by the other 
processes distad. The cephalic process is corne¬ 
ous and blade-like, somewhat rounded distad, 
and extends distad of the other processes; it 
partially overhangs the central projection. The 
caudal process, the least conspicuous of the four 
distinct terminals, lies along the caudo-lateral 
margin of the central projection and extends 
barely distad of the mesial process. This (the 
caudal) process is corneous, and its tip is acute. 
The central projection is the largest of the 
terminal elements; it is corneous, concave 
rnesiad and somewhat twisted. This projection 
is made up of two parts, the centro-cephalic 
which arises just cephalad of the caudal proc¬ 
ess on the lateral surface, and the centro-caudal 
which is somewhat larger and forms the mesial 
face of the central projection. These two proc¬ 
esses are fused along an oblique line visible in 
lateral and caudo-lateral views only. On the 
lateral surface of the appendage a conspicuous 
knob bearing long setae arises at the base of 
the cephalic process. 

Male Paratype (Form II). Differs from the 
male holotype m the following respects: Height 
of carapace greater than width (1.50-1.31 cm.). 
Postorbital ridges terminate cephalad in g^rnll 
acute tubercles. Branchiostegal spines moder¬ 
ately strong. Antennae reach anterior section of 
telson. Chelae smaller with lehs well defined 
tubercles, double row present on lateral margin 
oi movable finger only. First pleopod termi¬ 
nating in four distinct parts; none corneous nor 
as sharply defined as in the first form male. 
(See Text-fig. 1, F and M). Hooks on ischio- 
podites of third and fourth pereiopods much 
reduced. 

Feviale Allotype. Differs in the following 
points from the first form male, holotype: 
Width of carapace slightly less than depth. 
Right subrostral ridge barely evident just 
caudad of base of acumen. Branchiostegal 
spines moderately strong. Lengths of abdomen 
and carapace subequal. Anterior section of 
telson with two spines in right posterolateral 
corner and none in the left (broken). Epistome 
slightly broader and shorter than in male. 
Antennae reaching fifth abdominal segment. 

Chelae smaller and tubercle count differing_ 

only one row of tubercles on each opposing 
margin. 




Text-figure 1. 

Cambaru« blandingii cuevachicae. new subspecies. Pubescence has been removed from all 
structures illustrated. Figures not otherwise indicated are of C. blandingi* cnevackicae. A* 
mesial view of first pleopod of (7. blandingii acutus from Louisiana; B, mesial view of first 
pleopod of holotype; C, right chela of holotype; D, lateral view of first pleopod of holotype; 
£, lateral view of first pleopod of C. blandingii acutus from Louisiana; F, mesial view of 
first pleopod of male, form II; G, annulus ventralis of allotype; H, antennal scale of male 
paratope* I* eptstome of male paratype; J, ischiopodites of third and fourth pereiopods of 
first form male paratype; K, lateral view of carapace of holotype; L» dorsal view of carapace 
of holotype; M* lateral view of first pleopod of male, form XL 
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Annulus ventralis subovate, elongate along 
transverse axis. Fossa projects beneath median 
dextral wall; sinus curving sinistrad slightly 
sinistrad of midventral line where it turns 
caudad to cut the caudal margin of the annulus. 
A shallow longitudinal furrow is present sinis- 
trad of the midventral line across the face of 
the annulus. Sternum just cephalad of an¬ 
nulus bearing a low tubercle on either side of 
the midventral line. Sternum just caudad of 
annulus modified into a low flat semioval struc¬ 
ture. 

Measurements. Holotype: carapace, height 
1.71, width 1.80, length 3.79 cm.; areola, width 
.02, length 1.38 cm.; rostrum, width at base 
1.5§, length 1.89 cm.; abdomen, length 3.6 cm.; 
right chela, length of inner margin of palm 
1.42, width of palm 1.14, length of outer margin 
of hand 4.23, length of movable finger 2.53 cm. 
Female Allotype: carapace, height 1.87, width 
1.85, length 3.83 cm.; areola, width .07, length 
1.36 cm.; rostrum, width at base .64, length 
.89 cm.; abdomen, length 3.72 cm.; right chela, 
length of inner margin of palm .92, width of palm 
1.00, length of outer margin of hand 2.86, length 
of movable finger 1.85 cm. 

Type Locality. La Cueva Chica, a limestone 
cave, about one mile northeast of Pujal, San 
Luis Potosi, Mexico. These specimens were 
collected above the first waterfall. “Tumbled 
rocks alternated with shallow, narrow puddles. 
The going was difficult, but in the second puddle 
we forgot all about that, for Bishop spotted 
another crayfish. This time there was no es¬ 
cape, for the pool was scarcely a yard wide and 
twice as long. A couple of grabs and he had 
the creature. 


“It was not blind. Lighter in color than the 
normal crayfish of the outside waters, it was 
fully eyed and of the common local species. 
That was a disappointment, but it went into 
the pickling jar anyway.” 2 The temperature 
of the water was 80° F. 

The male holotype and female allotype and 
a second form male paratype are deposited in 
the United States National Museum. Of the 
paratypes, a male, form I, one male, form II, 
and a female are in my personal collection; one 
male, form I, seven males, form II, ten females, 
four immature males, and six immature females 
are in the Peabody Museum, New Haven, Con¬ 
necticut. 

Relationships. Cambarus blandingii cueva - 
chicae is most closely allied to C . blandingii 
acutus. Specimens collected one mile north of 
Villa Juarez, Tamaulipas, Mexico, seem to be 
somewhat intermediate between these two, par¬ 
ticularly in respect to the width of the areola. 

Remarks. I have been unable to discover 
any peculiarities in this race that seem to be 
associated with cave life. Bridges has pointed 
out that these specimens were of lighter color 
than the “normal crayfish of the outside water.” 
I have seen only preserved specimens so I can¬ 
not attest this observation. 

On the hairy parts of the ventral surface of 
these crayfish were found numerous ostracods, 
Entocythere cambaria Marshall, and many 
branchiobdellid worms, Cambarincola macro - 
donta Ellis. 8 


*Bull. N. Y Zool Soc 43 (3)* R4-B5 Maj-June, 1940. 
* Dr. Clarence R. Goodnight kindly identified this bran¬ 
chiobdellid for me. 
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A New Corydoras from Brazil. 


F. It. LaMontk 

American M unvum of Natural Hint or y. 


Through the courtesy of the New York Aquari¬ 
um, we have secured three living specimens 
(approximately 15 mm.-18 mm. standard length), 
and seven preserved specimens (13 mm-19 mm. 
standard), of a Brazilian Corydoras apparently 
hitherto undescribed. 

These fishes formed part of a collection brought 
to New York by Mr. Auguste Rabaut. and col¬ 
lected by him toward the end of December, 1940, 
in a tributary of the Amazon. The collector 
never heard a name given the stream, but he 
reached it after seven days by river boat west 
from Manaos, and four more days' journey north 
toward the Colombian border. The country 
was flooded swamp, with heavy vegetation. Mr. 
Rabaut reports that the water was extremely 
acid. 

The specimens appear to represent two color 
patterns of the same species, the change in 
pattern probably occurring with growth. Each 
pattern, in certain lights, shows traces of the 
other. Of the three living fishes, the two larger 
are the “striped pattern; M of the preserved speci¬ 
mens, six are the “half and half” pattern, and 
the 19 mm. sj>ecimen is striped. 

Corydoras rabautU new species. 

Description of Type. Number 15G44, American 
Museum of Natural History, collected Decem- 
l>er, 1940, in a tributary of the Amazon River, 
by A. Rabaut. 

Differences in lx)dy proportions of the 19 mm, 
striped specimen are noted in parentheses. 

Length to base of caudal, 15 mm. A rather 
chunky fish, with a short, rounded snout; the 
bony mterorbital contained twice in the snout. 
There is no black hastate spot at the base of 
caudal, and the width of the naked area on the 
breast between the coracoids is equal to the 
diameter of the eye. The suborbital does not 
cover the entire cheek. The coracoids do not 
completelv surround the pectoral bases on the 
surface of the body. The dorsal does not reach 
the adipose when laid back. The depth of the 
suborbital is equal to the diameter of the eye; 
the dorsal spine equal to the length of the snout. 
The flesh of the abdomen is smooth, without 
platelets. 


Snout, 2.1 in the head, its profile convex, 
sloping gently; interorbital, 2 (1.8); eye, 3.1. 
Body depth in standard length, 3 (2.7); width, 
3 4 (3.1); head, 2.7 (3); snout to origin of dorsal, 
1.8 (2). Depth of caudal peduncle in body depth, 
1.4. Lateral scutes spinous, 18-20/17-20 (20/21). 
Lateral line ]>ores are visible on the first two or 
three scutes only. The abdomen is not granular 
and there are no platelets. 

Fontanel elongate, oval, reaching two-thirds 
the way to the anterior margin of eye and, pos¬ 
teriorly, to the supra-occipital process. Occipital 
process very narrowly triangular, not reaching 
azygous predorsal scute. Rictal barbels just 
reselling the gill-opening. 

Dorsal 1, 8; the spine 1.8 (1.5) in the head. 
The fin is rounded, the first few rays longer than 
the spine. Distance of the dorsal fin from the 
adipose, 1.3 in the dorsal base. Anal I, 6, reach¬ 
ing past origin of caudal. Pectoral passing origin 
of ventrals to alxmt midway in their length; 
ventrals barely reaching anal. Caudal widely 
forked, tip of lower lobe slightly rounded. 

Color in Life . Head region to short distance 
in front of dorsal, pinkish-orange. A dull, dark 
blue streak along anterior margin of eye socket, 
a short, very narrowly triangular metallic blue 
streak along posterior margin of pre-opercle. All 
fins except caudal, which is hyaline, are light 
orange, the dorsals and ventrals darkest. An 
ink-blue area, very slightly lighter ventraily, 
occupies the }K>sterior two-thirds of the body, 
extending, with a concave anterior marginal 
outline, from in front of the dorsal origin to 
in front of the ventrals, entirely around the 
body, and back to the caudal base. On the caudal 
peduncle, the dark blue area becomes a short, 
thin line, margined by two square patches of 
metallic light blue. The eye is blue. In pre¬ 
servative, the lighter fins are hyaline; the dorsal 
and ventrals brown; the pinkish-orange body 
areas are faintly pink, buff or dirty light brown 
according to the original intensity of color; the 
lighter blue areas disappear as do the metallic 
patches; the ink-blue areas are darker and more 
dense. 

In the 19 mm. striped pattern fish (A. M. N. H. 
Number 15645), the ink-blue area is confined 
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chiefly to a band, curving upward from the upper 
half of the caudal peduncle, following the midfine 
of the body, but above it, and rising to a short 
distance in front of the dorsal origin. There are 
traces of bluish below this stripe on the entire 
posterior half of the body. The rest of the body 
is pinkish-orange, darkest on the head. The 
metallic light blue patches are as in the other 
fish. There is a trace of bluish on the middle 
rays of the caudal, not extending to the margin. 


In preservative, the body of this fish is creamy, 
slightly darker on the head, and the ink-blue 
areas are darker than in life. 

The species is very near eqtm (Steindachner, 
1877, Sits. K. Akad. Wien ? volume 74, Abt. 1, 
p. 140. fig.), from which it differs in: a wider 
mterorbital; a wider naked area on breast; a 
narrower suborbital which does not cover the 
entire cheek; a larger eye; longer barbels, and an 
apparently different color pattern. 



1941] 


CrandaU: Notes on Plumage Changes in the Bald Eagle 


3. 

Notes on Plumage Changes in the Bald Eagle. 


Lee S. Crandall 

Curator of Birds, New York Zoological Park . 
(Plates I-IV). 


In August of 1930 a young Southern Bald 
Eagle ( UaLimetus leucocephalus lencoccphalus 
(Linnaeus)), just out of the nest and barely able 
to fly, was captured on Little St. Simon's Island, 
Georgia, by Philip Berolzheimer, of New York. 
In December of the same year, the young bird 
was brought north by Albert C. Benninger, of 
Brooklyn. It was kept in Forest Park, Queens, 
New York City, until June, 1931, when it was 
lent to the Girl Scout camp at Iona Island, Rock¬ 
land County, New York. On Septeml>er 2, 1931, 
the bird was presented to the New York Zoo¬ 
logical Park and became the subject of the fol¬ 
lowing notes. 

In past years, we had made several attempts 
to check the progressive plumages of young 
Bald Eagles but always some catastrophe over¬ 
took the bird before the investigation had gone 
very far. Consequently, on the arrival of this 
specimen, no notes were made. However, in the 
autumn of 1933, we were able to plan indoor 
winter accommodation for the Bald Eagles and 
were so confident that greater longevity could be 
obtained that notes on our young individual 
were made. On October 10, 1933, the bird being 
three years old and in its fourth year, the body 
plumage was blackish-brown in general, the 
breast and lower parts much mixed with white. 
Forehead and throat were streaked with white, 
and the tail (Fig. 1) was heavily blotched with 
gray but with no pure white. The iris was dark 
brown and the beak greenish-black. 

On January 29, 1934, it was noted that the 
white streaks on the forehead had spread over 
the entire crown. The throat had become nearly 
clear white and a band of white extended to the 
nape. Between this band and the mottled area 
of the crown, was a parallel dark band, extending 
from the lores to the nape and passing through 
the eyes. During the following summer, this 
pattern was entirely lost. On Septemi>er 2,1934, 
the head, neck and throat were grayish-white, 
clearest on the throat but elsewhere blotched 
with blackish-brown, more heavily on the hind 
neck. The tail (Fig. 2) was extensively blotched 
with gray but still without clear white. The iris 
was light brown and the beak had become light 


olive, with a hint of yellow. The voice, too, was 
changing, for while the bird still began his call 
with the harsh notes of immaturity, he ended 
with the clear challenge of the adult. 

It was during the autumn of 1935, when the 
bird was five years old and in its sixth year, that 
it assumed what might be considered its first 
adult plumage. On November 1 of that year, 
the head and neck were recorded as pure white. 
The tail (Fig. 3), also, was now predominately 
white, although still heavily blotched witn 
blackish-brown. The iris had acquired the pale 
yellowish-white of the adult and the bill, too, 
had become clear, pale yellow. The harsh notes 
liad disappeared from the voice, which was now 
entirely clear. 

The tail grown during the summer of 1936 
(Fig. 4) was more clearly white but still showed 
a considerable flecking of blackish-brown, par¬ 
ticularly on the shafts. On November 1, 1936, 
it was noted that while upper and lower tail 
coverts were mainly white, both were heavily 
stippled with browm. 

In November of 1937, the upper and lower 
tail coverts were recorded as entirely white. The 
tail of this year (Fig 5) showed a considerable 
reduction in the extent of dark stippling, though 
this was still present. 

In 1938 (Fig. 6), 1939 (Fig. 7) and 1940 
(Fig. 8), the markings on the rectrices became 
progressively reduced. But it was not until 1940, 
when the bird was ten years old and in its 
eleventh year, that all stippling disappeared from 
the vanes. Even then, as may be seen in the 
photograph of the tail iu situ (Fig. 8), faint dark 
markings were still present on the shafts of some 
feathers. 

It seems probable that there may l>e a con¬ 
siderable individual variation in the extent of 
dark markings on the shafts of the rectrices. 
A Bald Eagle received at the Zoological Park on 
March 1, 1927, had the head and tail "white.” 
Examination of this bird’s tail, after ite death on 
June 17, 1940, when it must nave been at least 
eighteen years old, showed heavy streaking of 
the shafts. 
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Examination of the dates* on which feathers 
were cast seems to indicate no definite procedure, 
except that in the last four years the outer pair 
dropped first and simultaneously or almost so. 
The earliest date for the casting of the first 
rectriec was April 19 (1934); the latest, June 21 
(1934 and 1936). The earliest date for the 
casting of the last rectrice was July 30 (1934); 
the latest, September 25 (1938). Dates assigned 
to the mounted feathers indicate the time at 
which they were cast; in each case, they were 
grown in the previous year. Fig. 8 shows the 
tail of the living bird on December 12, 1940. 
The tail was grown in 1940. 

Summary. 

A Southern Bald Eagle (Haliseetua ? leuco- 
ccphalwt leucocephalu h (Linnaeus)), hatched in 


1930, was kept in the New York Zoological Park. 
In the autumn of 1935, when the bird was five 
years old and in its sixth year, the head and neck 
became pure white and the tail nearly so. It 
was not until 1940, when the bird was ten years 
old and in its eleventh year, that blackish 
stippling disappeared from the vanes of the 
rectricee. 

Acknowledgement. 
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in the accompanying photographs were done by 
Herbert D. Atkin, who was a Keeper in the 
Department of Birds of the New York Zoological 
Park from 1905 to 1940, when he retired on 
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jHxssible their presentation here. 


EXPLANATION 

Plate I. 

Fig. 1. Hat iced us 1. leucoaphalus. 1933 tail feathers 
(bird 3 years old; in 4th year) molted in 1934. 
Fig. 2. 1934 tail feathers (bird 4 years old; in 5th 
year) molted in 1935. 


Plate II. 

Fig. 3. 1935 tail feathers (bird 5 years old; in (>th 
year) molted in 1936. 

Fig. 4. 1936 tail feathers (bird 6 years old; in 7th 
year) molted in 1937. 


OF THE PLATES. 

Plate III. 

Fig. 5. 1937 tail feathers (bird 7 years old; in 8th 
year) molted in 1938. 

Fig. 0. 1938 tail feathers (bird 8 years old; in 9th 
year) molted in 1939. 


Plate IV. 

Fig. 7. 1939 tail feathers (bird 9 years old; in 10th 
year) molted in 1940. 

Fig. 8. Tail feathers of the living bird (10 years old; 
in 11th year) photographed in situ on 
December 12, 1940. 
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4. 

External Characters of Six Embryo Nurse Sharks, 
Ginglymostoma cirratum (Gmelin ). 1 


William Beebe 


(Plates I & II; Text-figures 1-4). 


Six embryo nurse sharks, Ginglymostoma 
cirratum (Gmelin), taken from a single female, 
have been kindly loaned to me for the study of 
external characters, by Commodore William K. 
Vanderbilt. They are borrowed from his marine 
museum at Huntington, Long Island, and were 
obtained from Mr. Louis L. Mowbray. The 
parent was said to l>e about five feet in length, 
and was caught in Bermuda. It was not possible 
to stain or section the specimens, as I agreed to 
return the embryos in their present condition. 

The material consists of six embryos which I 
have designated as A to F. They are nicely 
graduated as to size and degree of development, 
and in total length measure from 73 to 152 mm. 
They are free, in the sense of being without shells 
or egg-cases, but each is attached by a short, 
twisted, umbilical-like extent of tissue with a 
large, rounded or oval mass of yolk. 

In his recent monograph on Chlamydosclachu* 
(Bashford Dean Memorial Volume Archaic 
Fishes, Article VII, American Museum, N. Y.), 
Dr. E. W. Gudger writes, “The tropical, shallow- 
water nurse shark, Ginglymostoma cirratum 
carries in each greatly dilated uterus as many as 
21 huge, thick-shelled eggs.” As regards the 
subsequent history of these uterine eggs, Gudger 
on strong circumstantial evidence believes that 
this shark is ovoviviparous, and that when the 
young are pretty well developed, they break out 
of their shells, and these latter are cast out while 
the embryos are retained in the uteri during 
further development. A photograph of one of 
the unbroken egg-cases, 140 mm. long, is shown 
on page 560 of the Memorial Volume. 

The total lengths of the six embryos under 
consideration are as follows: Embryo A, 73 mm.; 
B, 104: C, 107; D, 125; E, 138, and F, 152 mm. 
The relationship by weight of embryo to yolk is 
from 5.7% to 33%. 

In embryo A the fin-folds are still sufficiently 
in evidence to confuse any fin base measure¬ 
ments. The first dorsal is joined to the second 


1 Contribution No. 012, Department of Tropical Re¬ 
search, New York Zoological Society. 

Contribution from Bermuda Biological Station for Re¬ 
search, Inc. 


dorsal, and this to the caudal, by the continuation 
of the fin in a groove beneath the surface profile 
of the body. The same is true of the anal which 
extends forward in a subdennal groove to the 
vertical of the pelvics. The translucent dorsal 
fins in this smallest embryo show thirteen in¬ 
cipient rays in the first, and ten in the second. 

External gills are present in all but embryo F, 
the largest. There is a gradual absorption in 
length of these filaments in the first five speci- 




Text-figure 1. 

Embryo A, length 73 mm. Side view with yolk 
sac (X H)- Dorsal view of head showing external 
gill filaments from spiracle and gill-slits. (X6). 
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Embryo D, length 125 mm. Side view with yolk sac. Dorsal and ventral views of head. 


mens. Tliis is evident in the relationship per¬ 
centage between gill filaments and total lengths, 
20%, 9.6%, 8%, 4.5%, and 3%. The smallest 
embryo shows the interesting condition of four 
external gill filaments projecting from the right 
spiracle, the longest of which measures 1.7 mm. 
in length. None are visible in the left spiracle. 

In the same smallest nurse shark embryo the 
anterior or first gill-slit shows twenty-six long 
filaments and a cluster of short ones at the top 
of the slit. A progressively larger number spring 
from the next three slits, while the fifth, which is 
directly below the fourth, has only four filaments, 
these, however, being of greater length than any 
of the rest. This general relationship holds good 
for the larger embryos. 

The climax of numerical development of ex¬ 
ternal gill filaments occurs in D, the 125 mm. 
individual. The next larger, with a total length 
of 138 mm., has lost all the filaments from the 
left first and second slits, although they are 
present on the right side. In E, of 138 mm., this 
asymmetry is reversed, the right anterior slits 
being free. The filaments are absorbed from be¬ 
low upward, the last to disappear being close to 
the dorsal ends of the slits. Those from the 
fourth and fifth slits are the final ones to vanish. 


F, of 152 mm. length, shows no external evi¬ 
dences of filaments. In the two youngest em¬ 
bryos the fifth slit is directly beneath the fourth, 
but from here on to the adult shark, it is slightly 
behind the fourth. 

As to color and pattern, the 73 mm. embryo is 
unspotted, as are full-grown sharks. Spots first 
appear, although weak and sparse, in the 104 mm. 
individual, ana increase in strength and number 
up at least to embryos of 152 mm. length. In 
300 mm., free-swimming nurse sharks the spots 
are small or obscured by the general dark pigmen¬ 
tation. A 385 mm. specimen taken on the Zaca 
expedition, is immaculate. 

Detailed examination shows that the pattern 
of spots can be quite asymmetrical (specimen C, 
with seven spots on the right side of the body, 
and fifteen on the left side); or symmetrical 
(specimens C, E and F, with numerous transverse 
bands on the head and body), or somewhat 
irregular (specimen G). Coppery color is ap¬ 
parent in the irides of the 152 mm. individual. 

The smallest and largest of seven specimens 
(including the six embryos, and a 385 mm, free- 
swimming young shark), are females. Claspers 
are evident in all the rest. In the J04 mm. 
embryo they are 4.5 mm. long, wholly attached 
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to the inner edge of the pelvic fins, and extending 
to within 1 mm. of the posterior rim of these fins. 
There is a gradual increase in size until in the 
385 mm. shark the clasjpers are 13 mm. long, 
9 mm. below the posterior fin border, and free 
for 6 mm. of their length. 

As the cirri or tentacles develop, their tips 
curve around and down, into the corners of the 
mouth, inside the lateral flap. This condition 
also holds in the young, free-swimming sharks, 
the tentacles being thus partly hidden and pro¬ 
tected when not in use. 

In the course of embryonic development of 
Ginglymostoma from an embryo of 73 mm. to a 
full-grown shark of 2,090 mm. total length, we 
find there are six characters showing a percentage 
of increase relative to the total length, and seven¬ 
teen which are on the minus side. The body 
depth is somewhat greater in the adult, the 


general flattening being especially noticeable in 
unborn individuals. The head, both in length 
and width, snout, prcoral, interorbital and in- 
temarial, all show relative reduction in the adult, 
as much as 3.7% in head length, and 4.4% in the 
snout. The mouth width, on the contrary, is 
slightly greater. 

The eye, length of tentacle and of spiracle are 
markedly less in the full grown shark. The 
heights of the three median fins, first and second 
dorsals and anal enlarge steadily from early em¬ 
bryo onwards, even reaching a 4.6% increase. 
The pectorals exceed these, registering width and 
length increases of 5.7% and 7.6%. 

There is considerable reduction in antero¬ 
posterior measurements from snout to first and 
second dorsals, as well as to pectorals, pelvics 
and anal fins. The bases of all the median fins 
are relatively less in the adult, partly because of 
the slow disappearance of the fin-fold. 
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Text-figure 4. 

Embryo F, length 152 mm. Right and left side views with yolk sae. 


We may safely deduce that throughout the 
life of this shark there is an increasing need for 
large pectorals and a general flattening of the 
body in relation to the bottom-living habits, 
while correlated with this is a reduction of the 
head, with its tentacles, eyes and spiracles, and 
a relative shortening of the whole body. In fact, 
Ginglymoetoma tends in development rather to¬ 
ward a bottom-living, ray-like type, than to a 
mid-water, shark-like organism. 

Developmental characters showing a plus per¬ 
centage in relation to total length are these: depth 


EXPLANATION 


2%, pectoral length 7.0%, pectoral width 5.7%, 
first dorsal height 4.6%, second dorsal height 
2.3%, anal height 1.3% and mouth width 1%. 
Characters showing minus percentage in develop¬ 
ment are head 3.7%, head width 1.7%, snout 
4.4%, interorbital 4.6%, eye 2%, snout to first 
dorsal 4.0%, snout to second dorsal 3%, snout to 
pectoral 4.6%, snout to pelvics 5.2%, snout to 
anal 3.6%, first dorsal base 2.1%, second dorsal 
base 2.3%, anal base 3.1%, snout to mouth 2.6%, 
tentacle length 2.5%, intemarial 1.3% and 
spiracle length .5%. 


THE PLATES. 


Plate I. Plate II. 

Fig. 1. Embryo B, length 104 mm. Shark, showing Fig. 3. Embryo F, length 152 mm. Dorsal and 
external gill filaments and yolk sac. right side views and yolk sac. 

Fig. 2. Embryo D, length 125 mm. Shark, showing Fig. 4. Embryo F, length 152 mm. Ventral view 
right side and yolk sac. and yolk sac. 
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EXTERNAL CHARACTERS OF SIX EMBRYO NURSE SHARKS 
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FIG. 4 

EXTERNAL CHARACTERS OF SIX EMBRYO NURSE SHARKS 
GINGLYMOSTOMA CIRRATUM < G M ELI N ) 
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5 . 

A Papillomatous Disease of the Gallbladder Associated with 
Infection by Flukes, Occurring in the Marine Turtle, 
Chelonia my das (Linnaeus). 1 


(J. M. Smith 

Department of Anatomy f Yale School of Medicine , 
and the New York Aquarium 

& 

C. W. Coates & R. F. Niokklli 
Nnc York Aquanvm 


(Plates 1 IV; Text-figure 1). 


In two earlier publications attention was called 
to certain cutaneous tumors occurring in the 
turtle Chelonia my das (Linnaeus) (Smith & 
Coate8 ? 1938, 1939). These growths, fibro- 
epithelial in character, are found distributed on 
the neck and in the axillary, inguinal, eyelid, 
conjunctival and corneal regions. As a rule the 
tumors have the morphological characteristics of 
benign growths; rarely does the structure suggest 
a malignant change. In the majority of such 
tumors ova of a blood fluke can l>e demonstrated 
on microscopical study, giving rise to the hy¬ 
pothesis that blood flukes or ova may act as 
causative factors in the production of these 
lesions. In earlier studies ova occurring in cu¬ 
taneous tumors were identified as those coming 
from Hapatotrerna constnctum (Learod). Recent 
studies of a number of these worms (Nigrelli, 
1940), however, indicate that this blood fluke 
is the same as Distomum constrictum of Reared 
(1802) and the form described by Price (1934) as 
Learedius leaved ins. The form described as //«- 
polotrema constrict urn (Reared) Ixx>ss, 1899 (^ 
Mesogonimus constrictum Monticelli, 1890) is now 
designated as Hapalotrema mistroides (Monticelli). 
This form is also a blood fluke but found in an¬ 
other species of marine turtle Caretta caretta (Lin¬ 
naeus) («Thalassochelys caretta (Linnaeus)). It 
must be pointed out here, however, that the 
original identification was tentative and based on 
the shape and size of the eggs, which are strikingly 
similar. Relationships and identifications of 
worms have been based on egg characteristics by 
various taxonomists. 

Further studies of lesions in turtles as a result 
of fluke infections, carried on during the past 
year, have revealed a new form of papillomatous 
disease of the gallbladder of Chelonia mydas 

1 Aided by a grant from the Marine Cancer Fund of 
Yale Unlvernity School of Medicine. 


wliich may be the result of a fluke infection of 
this organ. 

A brief description of the gallbladder lesions 
and of the fluke itself follows. 

Infected gallbladders show a wide range of 
lesions, depending doubtless upon the intensity 
and duration of the infection and the suscepti¬ 
bility of the tissues of the host. Any part of the 
fundus of the gallbladder may show thickened 
papillomatous change in solitary patches (Plate I, 
Fig. 1; Plate II, Fig. 4) or in confluent irregular 
masses (Plate I, Fig. 2). A papillomatous hyper¬ 
plasia of the mucous membrane near the cystic 
duct’s entrance into the gallbladder may l>e the 
most conspicuous lesion, the result of infection by 
trematodes (Plate II, Figs. 4,5, fi). In consequence, 
the cystic end of the gallbladder mav appear 
greatly thickened and encroaching on the lumen 
of the gallbladder (Plate IV, Fig. 12) almost to the 
point of producing a stenosis or obstruction. At 
times the entire wall of the gallbladder partici¬ 
pates in the lesion. In these circumstances the 
epithelium is thrown up into papillomatous folds 
(Plate III, Figs. 7. 8), the muscularis shows in¬ 
creased amounts of connective tissue and lymph¬ 
oid cell infiltration and the subserosa may be 
oedematous, thickened, and contain a large 
number of dilated capillaries l>oth vascular and 
lymphatic. All sorts of irregularly dilated glands 
are formed in the hyperplastic epithelium. Often 
glands penetrate down into the submucosa. 
However, malignant invasive changes have not 
been noted to date in approximately one hundred 
gallbladders examined which have shown the 
effects of fluke infection. Malignant change 
might readily be expected as a result of these 
chronic hyperplastic changes. In order to de¬ 
termine whether or not the papillomatous lesions 
do become malignant it will be necessary to have 
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access to more extensive material than is avail¬ 
able at the present time. 

The majority of the flukes lie free in the dark 
green, thickened, often inspissated bile of the 
infected gallbladder. Flukes often are attached 
to the papillomatous parts of the mucous mem¬ 
brane (Plate IV, Fig. 11). The parasites may lie 
partly buried in the mucosa (Plate I, Figs. 1,2). 
There can be little doubt that the presence of 
flukes at the site of characteristic lesions of the 
mucous membrane indicates that the underlying 
cause of the disease arises in mechanical or 
chemical factors related to the activities of the 
infecting flukes. Ova surrounded by epithelioid 
or even giant cells may be found in the mucous 
membrane or other parts of the walls of the gall¬ 
bladder (Plate III, Fig. 9). Mucous production 
is abundant (Plate III, Fig. 10). 

The parasites from the gallbladder of Chelonia 
mydas have been identified as Rhytidodordcs 
similis Price, 1939. A related species R. in test t- 
nalis was described in the same paper. According 
to Price, the identifications of “Both R. intesti- 
nali8 and R . similis are in each case based on only 
two specimens; consequently it is not possible to 
determine the amount of variation within the 
species.” A collection of large numbers of the 
gallbladder form has afforded an opportunity to 
make just such a study for this species, at least 
(Text-figure 1). 

The worms are lanceolate in shape, tapering at 
both ends of the body and broadening consider¬ 
ably in the middle region. The posterior tip of 
the body can be extended into a minute “tail¬ 
like” appendage. When the flukes are examined 
in profile there is a characteristic hump on the 
dorsal side. In contracted specimens, the hump 
is more pronounced than in the extended forms. 
On the ventral surface, the acetabulum is promi¬ 
nent and immediately anterior to this sucker may 
be seen the genital ridge and pore. 

The flukes are transparent and stained with 
bile. They measure 1.2 X .42-4.4 X 1.8 mm., 
with an average size of 2.2 X .97 mm. for fifty 
specimens. Cuticula without spines, smooth in 
expanded worms, with minute folds in contracted 
specimens. Oral sucker subterminal, measuring 
140.2-342 microns in diameter (average, 293.4 
microns), with lateral projections. The projec¬ 
tions are prominent in the smaller individuals, 
less so in larger forms but are nevertheless a 
constant feature. Acetabulum, 170.3-385.6 
microns (average, 300.7 microns), pre-equatorial. 
Pre-pharynx lacking; pharynx 80-179 X 50-170 
microns; esophagus of variable length, depending 
entirely on tne state of contraction and expansion 
of the worms. Intestinal ceca simple, extending 
to the posterior extremity of the body. Excretory 
pore subterminal, dorsal; excretory vesicle Y- 
shaped, branching immediately behind the pos¬ 
terior testis, with the arms extending as far 
anterior as the pharynx. Genital aperture 
median, anterior to the ventral sucker ana in the 
region of the cecal bifurcation. Cirrus pouch 
elongate piriform, muscular, situated over or 


slightly in front of the acetabulum, measuring 
150-700 microns X 150-456 microns (average 
measurement 152 x 478.8 microns). Seminal 
vesicle and pars jrrostatica present. Testes in 
posterior third of the body, placed one behind the 
other or slightly oblique to the axis of the body, 
sometimes globular, sometimes sub-globular or 
ovoid in shape. Anterior testis usually smaller, 
measuring 102-420 microns X 250-456 microns; 
posterior testis 152-532 microns in diameter. In 
very small forms testes and vitellaria are poorly 
developed. Ovary globular, 91-280 microns in 
diameter (average, 250 microns), sub-median and 
pre-testicular in position. Ovarian complex, con¬ 
sisting of Mehlis' gland, seminal receptacle, vital- 
line reservoir, and Laureris canal. Vitellaria 
consist of four groups of more or less elongated 
follicles; two small groups of follicles are in the 
anterior region of the body and present as two 
distinct masses, one on each side of the esophagus 
between the acetabulum and pharynx; the two 
larger groups extend from the acetabulum to the 
posterior extremity of the body. Main vitelline 
ducts pass medially into the ovarian complex at 
about the level of the posterior border of the 
ovary. Uterus fills the entire intercecal space 
between the ovary and acetabulum; metraterm 
present. Eggs yellowish, thick-shelled, embryo- 
nated, measuring on the average 36 X 72 microns. 

Comment. 

The histo-pathology of trematode infections 
among lower vertebrates is not well known. The 
condition reported above is in many respects not 
unlike liver fluke infections in mammals (see 
Craig & Faust, 1940). 

In sheep liver fluke, Fasciola hepatica Linnaeus, 
larvae are ingested with contaminated vegeta¬ 
tion. Excystment takes place in the duodenum 
where the parasites penetrate the wall and pass 
into the body cavity. ITiey continue their 
migration, passing through the liver capsule 
directly into the liver substance. The mechanical 
irritation produced, in the case of heavier infec¬ 
tions, results in necrosis and fibrosis of the liver. 
Such an infection in man may cause cystic en¬ 
largement of the ducts, adenomata of the biliary 
epithelium, leucocytic and eosinophilic infiltra¬ 
tion, and eventually the development of scar 
tissue. Often, in their wanderings through the 
liver substance, the worms produce abscesses, 
and the mechanical damage causes atrophy of the 
liver and the portal vessels. 

Local lesions of this kind may be produced by 
other liver flukes such as the lancet fluke, 
Dicrocoelium dentriticum (Rudolphi), the cat 
liver fluke, Opisthorchis felineus (Rivolta), and 
the Chinese liver fluke, Clonorchis sinensis 
(Cobbold). 

In dicrocoeliiasis, sheep and other herbivorous 
mammals become infected by eating grass and 
other vegetation containing encysted larvae. 
When eaten, such larval forms excyst in the 
duodenum and find their way to the biliary 
passages, often producing hypertrophy of the 
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Text-figure 1. 

Rhytidodoides similis Price. X 54. 


epithelium. Both opisthorchiasis and clonor- 
cniasis infections are brought about by eating 
fish poorly cooked, improperly cured, or raw, 
harboring the encysted stage. 

In clonorchiasis, the larvae, following excvst- 
ment, make their way up the common bile duct 
and migrate to the distal bile capillaries. Lesions 

E rodueed by such infections have been described 
y Faust & Khaw (1927), Hoeppli (1933) and 


others. These include the proliferation of bili¬ 
ary epithelium, crypt formation in the bile duct, 
eriepithelial fibrosis, periportal connective tissue 
yperplasia and fibrous development around 
masses of eggs infiltrated in the liver substance. 

Although the papillomatous disease of the 
gallbladder of Chelonia mydas is stressed in the 
present contribution, there are also definite re¬ 
sponses in the liver and biliary ducts of these 
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animals which will lie discussed in a subsequent 
report. 

SUMMARY. 

1. Gallbladders of the marine turtle Chelonia 
mydas (Linnaeus) were found heavily infected 
with a fluke referred to as Rhytuiod aides similis 
Price, 1939. 

2. These flukes produce certain pathological 
changes in the tissues of the gallbladder. The 
outstanding feature of these lesions is a papillo¬ 
matous hyperplasia of the mucous membrane. 

3. The parasites inducing these lesions are 
redcscribcd. 
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EXPLANATION OF THE PLATES. 


Plate I. 

Fig. 1. Stiip of gallbladder mucous membrane 
showing to the right a small papilloma with 
several flukes attached to or partly buried 
in the mass. 

Fig. 2. Photograph of inside of gallbladder attached 
to the liver. Note confluent masses of 
papillomatous tissue; flukes lie attached or 
partly buned in the growth. 

Plate II. 

Fig. 3. Section of normal gallbladder containing 
bile. 

Fig. 4. Thickened, shrunken, infected gallbladder 
with several small papillomata near the 
entrance of the cystic duct 

Figs. JMk Small contracted gallbladders infected by 
fluke, Rhytidodoida s similn s. The great 

thickening of the mucosa and submucosa 
has occurred near the cystic duct. 

Plate III 

Figs. 7-8. Irregular hyperplasia of papillomatous 
regions of infected gallbladders. X 35. 


Fig. 9. Photo-micrograph of papillomatous region 
of gallbladder showing fragments of ova at 
points a and b. Epithelioid cells surround 
the small fragment at b X 120 
Fig. 10. Masses of mucous formed at the surface of 
papilloma. X 100. 


Plate IV. 

Fig. 11. Microscopic section of trematode Rhyhdo- 
doides attached to the hyperplastic epi¬ 
thelium of the gallbladder. Section of the 
parasite is at the level of the ventral sucker 
and the cirrus sac. X 40. 

Fig. 12. Photo-micrograph of the cystic end of 
infected gallbladder. The hyperplastic 
mucous membrane is thrown into countless 
folds which encroach upon the lumen of the 
gallbladder. Submucosa and muscularis 
are thickened. The subserosa seen in the 
upper part of the photograph is oedema- 
tous and contains numerous blood and 
lymphatic vessels. X 25. 
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[This is the twenty-third of a series ol papers 
dealing with the collections of the Eastern Pacific 
Expeditions of the New York Zoological Society 
made under the direction of Dr. William Beebe. 
The present paper is concerned with specimens 
taken on the Eastern Pacific Zaca (1937-1938) 
Expedition, which was made possible through 
the generosity of Mr. Templeton Crocker. For 
data on localities, dates, dredges, etc., refer to 
Zoologies Vol. XXIII, No. 14, pp. 287-298.] 

Introduction. 

The following is a taxonomic account of 30 
species of polychaetous annelids collected by Dr. 
William Beebe on the Eastern Pacific Zaca Ex¬ 
pedition in 1937-1938. Five new species are 

* Contribution No. 013, Department of Tropical Re¬ 
search, New York Zoological Society. 


included in the collection. They were collected 
from off Cedros Island, Lower California, on the 
north to Panama Bay on the south. 

The catalogue numbers all refer to specimens in 
the collections of the Department of Tropical 
Research of the New York Zoological Society 


Systematic Account. 

Family Amphinomidae. 

Hermodice Kinberg. 

Hermodice carunculata Kinberg. 
Hermodice carunculata Kinberg, 1857, p 13. 

Collected at Arriba Isthmus, Port Parker, 
Costa Rica, January 17, 1938, Cat. No. 3,882A. 
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Notopygos Grube. 

Notopygos ornata Grut>e. 

Notopygos omata Grube, 185C, p. 55. 

Collected at Station 203: D-9 (Port Parker, 
Costa Rica, January 22, 1938, 2 fathoms), Cat. 
No. 381,093. 

Chloeia Savigny. 

Chloeia euglochis Ehlers. 

Chloeia euglochis Ehlers, 1887, pp. 38-24; pi. 1, 
figs. 1, 2; pi. 2, figs. 1-8; pi. 3, figs 1-4. 

Collected at Station 195: D-9 (Port Guatulco, 
Mexico, December 5, 1937, in 7 fathoms), Cat. 
No. 37,477. Collected at Port Guatulco, Mexico, 
December 5, 1937, in fish trap at 7 fathoms. 
Color plate Z-118, Cat. No. 37,429. Station 221: 
D-l (Gulf of Chiriqui, Panama, March 13, 1938, 
35 fathoms), Cat. No. 38,659. 

Specimen 37,477. Dorsal surface iridescent 
purplish-gray with a wide blackish band down 
the middle of each side within which are numer¬ 
ous oblique yellow streaks. On the mid-dorsal 
line of each segment are a pair of longitudinal, 
slightly oblique yellow lines. Tentacles and dor¬ 
sal cirri greenish-black; setae bright orange. 
Gills greenish-brown, with a central yellow band 
on each stem. 


Eurythoe Kinberg. 

Eurythoe complanata Pallas. 

Eurythoe complcmata Pallas, Teste McIntosh. 
McIntosh, 1885 (as E . patifica Kinberg), pp. 27, 
28; pi. 2, figs. 3, 4; pi. 3, fig. 3; pi. 2A, fig. 33; 
pi. 3A, figs 5-9. 

Collected at Station 195: D-35 and D-16 
(Port Guatulco, Mexico, December 6, 3937, in 
1 Y<l fathoms), Cat. No. 37,526. Sihuatanejo, 
Mexico, November 24, 1937, in coral, Cat. No. 
37,266. Station 196: D-18 (Tangola-Tangola 
Bay, Mexico, December 33, 1937, 30 fathoms), 
Cat. No. 37,743. Abajo Rocks, Port Parker, 
Costa Rica, January 22, 1938, tide-pool, Cat. 
No. 381,094. 

Eurythoe oculata sp. nov. 

(Text-figures 1-3). 

A single specimen. The body is broken and 
more or less macerated near its middle so that 
accurate measurements are impossible but it is 
approximately 180 mm. long. The greatest 
width, 10 mm., is at about the end of the anterior 
third of the body length. The prostomial width 
is 1 mm. 

The prostomium (Text-fig. 1), is ovate with its 
broader end anterior, and has two pairs of promi¬ 
nent eyes. The anterior tentacles are slender and 
reach as far as to the anterior prostomial border. 
The median tentacle is relatively long, is attached 
at the level of the posterior eyes ana extends to 
the anterior border of the anterior ones. The 


tentacles are colorless, as is the prostomium. 
The caruncle is very small and inconspicuous and 
is attached to the dorsal border of the first somite 
(Text-fig. 1). This prostomium has certain re¬ 
semblances to that of E. dtdna Horst as redefined 
by Munro (1933, p. 5). but is longer in proportion 
to width than in liis figure 1, the eyes are much 
more prominent and the tentacles more slender. 
Horst (1912, p. 37), and Munro describe the 
caruncle as fiexuous though this is more clearly 
shown in Horst's figure than in Munro's. In 
oculata it is hardly more than a rounded papilla. 

The parapodial lobes are widely separated. 
The dorsal cirrus is prominent and lies anterior 
to the tuft of gills. Two dorsal aciculae with 
rounded ends protrude to the surface at the base 
of the cirrus and three .similar aciculae occur in 
the neuropodium (Text-fig. 2). The ventral cir¬ 
rus is a rounded cone. The notosetae make up a 
dense tuft, are all alike, long, slender and sharp- 
pointed. Sometimes it is possible to see on the 
shafts the denticles figured by Horst (loc. tit., pi. 
10, fig. 7), but generally they seem smooth. I 
am uncertain what he meant by “dimples" on 
the shafts, and can find nothing that would 
answer to this description. The neurosetae 
(Text-fig. 3), are heavy, with apices bluntly 
rounded and an also bluntly rounded, subapical 
tooth. 

The gills first appear on the third somite and 
when well developed consist of a tuft of 32 or 
more filaments arising from a common base just 
behind the insertion of the dorsal cirrus. A few 
filaments may be simple but most are at least 
2-branched and some are irregularly dichoto- 
mously divided into as many as 6 branches. 

The type was collected at the dock in Balboa, 
Panama, July 25,1933. It is a female with eggs, 
and is No. 3,319 in the collection of the Depart¬ 
ment of Tropical Research of the New York 
Zoological Society. 

Family Polynoidae. 

Lepidasthenia Malmgren. 

Lepidasthenia picta Treadwell. 

Lepidasthenia picta Treadwell, 1928, pp. 456, 
457; fig. 177; figs. 10-13. 

A single specimen in this collection makes 
possible additions and corrections to the original 
diagnosis. The drawing (loc. tit ., fig. 10), snows 
a dividing line between the lateral prolongation 
of the prostomium and the cirrophore of the 
tentacle. This is incorrect. The cirrophore is a 
prolongation of the prostomium. In the type 
the palps and elytra were missing. In the Zaca 
material the former show as stout structures 
shorter than the median tentacle and having 
acuminate tips. The anterior elytra are approxi¬ 
mately circular in outline and cover the tentacles 
which may l>e seen through them. The anterior 
dorsal margin of the elytron is faintly tinged with 
black and there is a small black spot ventral to 
the point of elytrophore attachment. Later 
elytra arc more lateral in position, leaving a con- 
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Text-figures 1-21 


a}-}' °, v -J’,o ea ^ X 7; 2 > P ara P°dium X 6; 3, ncuroseta X 02. 4-7, Lepulas. 

gp. nov. 4, head x 12; 5, parapodium X 20; 6, notoseta X 180; 7, neurosetu X 180. 
Eu VMoe nWo 1 readwell X 25. 9-12. Polyodontet, rah/amicus sp. nov. 9. head X 18; 
HnrJ 5 ? ra ^S < ^ 1Un 'f ? X 85; 12, seta X 180. 13-17. Eulalia magnapvpula ap. nov 13, 

t r/, trai ^ ° f **■? * i5 > p«pX?x ss^, * 

23; 21, mandible°^X 23^ 21 prtr ^ m sp * Tl0V ‘ 18 ’ heftc * x 15 i **ta X 68; 20, maxilla X 


siderable portion of the dorsiftn exposed. W hile 
anterior elytra are lightly pigmented, throughout 
the median and posterior regions the pigmenta¬ 
tion is dense except for a colorless spot over the 
elytrophore, this giving an ocellated appearance 
to the dorsal surface. The elytra have neither 
marginal fringes nor surface spines. The body 
coloration is somewhat different from that of the 
type* indicating some degree of variability. 

Collected at Station 203: D-9 (Port Parker, 
Costa Kica, January 22, 1938, in \y 2 to 4 fath¬ 
oms), Cat. No. 381,092. 


Lepidasthenia elegans sp. nov. 

(Text-figures 4-7). 

Two specimens are in the collection, the tyj>e 
being incomplete. This is 25 mm, long and 10 
mm. wide at the tenth somite. In the other, 
which is entire, the posterior region is badly pre¬ 
served and it is impossible to determine the 
number of somites or of the elytra. The speci¬ 
mens are assigned to this genus subject to later 
correction. The prostomium (Text-fig. 4), is 1 
mm. in diameter, is broader than Jong and has a 
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broad but not deep, anterior indentation into 
which fits the heavy cirrophore of the median 
tentacle. From the base of this indentation a 
dorsal groove runs posteriorly along the pros- 
tomial surface. The eyes are all near the pos¬ 
terior border, the posterior ones the smaller, 
nearer together and more or less covered by the 
margin of the first somite. The median cirro¬ 
phore is heavy, its length rather more than half 
that of the prostomium. The style is about as 
long as the prostomium up to the point where it 
begins to taper and it has a slender terminal 
filament. Cirrophores of the lateral tentacles are 
short and stout, their styles shaped much like 
those of the meaian but only about two-thirds as 
long. The ventral tentacular cirrus is similar in 
form to the median tentacle, the dorsal one 
similar to the lateral tentacle but much more 
slender. The palps are slender and inconspicu¬ 
ous, hardly longer than the median tentacle. 
The first somite, carrying the elytrophore, is 
twice as wide as the prostomium, later ones in¬ 
crease in width up to the sixth. 

The coloration is unlike in the two specimens, 
the type having five or six dark transverse bands 
on its dorsum in each somite, while the other has 
two irregular ones in this locality. Except for a 
slight tint near the apex of the palp there is no 
color in the head regioiZ? 

The parapodium has a much reduced notopo- 
dium into which a stout acicula extends, the 
neuropodium is much heavier and rounded at the 
apex, anterior and posterior lobes equal (Text- 
fig. 5). The dorsal cirrus is on a heavy cirrophore 
whose diameter is more than half that of the 
parapodium, its style reaching considerably be¬ 
yond the parapodium apex, slightly swollen near 
the end and terminating in a heavy filament. 
The ventral cirrus is very short, conical and has 
a slender tip. All but one of the notopodia 
examined had no setae, the exception having a 
single one. This was rather heavy, its apex 
bluntly rounded (Text-fig. 6), and it has trans¬ 
verse rows of teeth along one border, these being 
heavier than those in the neuropodium. There 
are about ten setae in the neuropodia 1 group, 
these differing from one another mainly in size. 
They have rather heavy stalks which are swollen 
near the ends and then narrow to blunt points. 
Very small teeth, difficult to see unless the seta 
is in the proper position, occur along one margin 
of the swollen portion (Text-fig. 7). 

The protruded pharynx is as long as the first 
seven somites. Dorsally and ventrally at its 
apex are marginal rows of nine papillae. 

Anteriorly the elytra cover the dorsum. I am 
unable to say what the condition is in later 
somites. All elytra are circular in outline, the 
surface dotted with pigment spots and devoid of 
marginal filaments. 

The specimens are recorded as commensal in 
a holothurian. They were collected at Station 
126: D-14 (East of Cedros Island, Mexico in 45 
fathoms), Cat. No. 3,773. The type is in the 
collection of the Department of Tropical Re¬ 
search of the New York Zoological Society. 


Halosydna Kinberg. 

Halosydna brevisetom Kinberg. 

Halosydna brmsetosa Kinberg, 1865, p. 85. 

Collected at Station 126: D-19 (S. E. of Cedros 
Island, Mexico, November 10, 1937, in 25 fath¬ 
oms), Cat. No. 3,794. 

Family Sioalionidae. 

Eupholoe McIntosh. 

Eupholoe nuda Treadwell. 

(Text-figure 8). 

Eupholoe nuda Treadwell, 1936, pp. 53, 54; 
figs. 10-14. 

As Eupholoe nuda I described a specimen from 
Bermuda in which I was uncertain whether all 
elytra had been lost or whether they had ever 
been present. The present collection contains 
one of this species with a full complement of 
elytra. They are decidedly lateral in position, 
leaving a considerable portion of the dorsum un¬ 
covered, and are essentially of the same form 
throughout the body. They, as well as the body 
surface, are covered with sand grains of which 
the largest on the elytra are those of the antero- 
dorsal area, some of which protrude beyond the 
elytral border (Text-fig. 8). The smallest of the 
grains are at the posterodorsal region where there 
are also some long marginal filaments. On the 
posteroventral face are two branched filaments 
and small ones occur on the remainder of the 
border except for a small part of the dorsal region 
where there are neither filaments nor sand grains. 
At this region the elytral surface is (lotted with 
small spines. 

My earlier material showed two kinds of com- 

E ound setae ( loc . cit. t figs. 13, 14), one much 
eavier than the other, the slender one with a 
subterminal tooth. The present material shows 
that the subterminal tooth is present on both 
kinds of setae but evidently is easily broken 
away. The setae differ, therefore, only in size. 

Collected at Station 126: D-19 (S. E. of Cedros 
Island, Mexico, November 10, 1937, in 25 
fathoms), Cat. No. 3,794. 

Polyodontes californicus sp. nov. 
(Text-figures 9-12). 

The type and only specimen is a fragment, 
measuring 25 mm. to the region of the 20th ely¬ 
tron, and has a width of 10 mm. The prostomial 
diameter is about 1 mm., each half continued into 
an ommatophore, the base of each ommatophore 
being at about half way of the total prostomial- 
eye length, the apex of the eye being a trifle wider 
than the width of the stalk. There is a lens at 
the end. The sessile eyes are a pair of small dark 
spots, one on either side (Text-fig, 9). The base 
of the median tentacle is at the level of these 
sessile eyes and its stalk very slender, its apex 
narrowing to a filamentous tip which does not 
quite reach the apex of the ommatophore. At 
base of median tentacle is a ring of brownish pig- 
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ment and a median caruncle-like ridge rung pos¬ 
teriorly across the dorsal prostomial surface. The 
lateral tentacles are similar to the median in form 
and size but are not visible from the dorsal sur¬ 
face. l>eing hidden beneath the ommatophores. 
Eacli has a pigmented ring at the base and anoth¬ 
er just proximal to the filamentous tip. The palps 
are slender, nearly three times as long as prosto- 
mium and ommatophores combined and are pig¬ 
mented near the apices. The basal portion of the 
tentacular cirri extends as far as the base of the 
ommatophores, the styles slender, extending as 
far as the apex of the eyes, their apices abruptly 
ending in slender filaments. There is a band of 
brown pigment near the apex of the cirrophore 
and the dorsalmost cirrus has pigment near its 
apex and another pigmented mass near its base. 

The protruded pharynx extends 10 mm, be¬ 
yond the pro8tomium and at its apex is 7 mm. 
wide. The dorsalmost terminal papilla of the 
pharynx is 4 mm. long and on either side of it a 
row of 7 broad, flattened papillae with acute 
apices. The outermost one of each row is much 
the smallest and in most of them is a dark spot. 
The ventral median papilla is short, similar to, 
but a little larger than, the lateral ones of which 
there are 6 on either side. There are two light 
brown fangs with a single row of teeth on either 
side of each pair. 

The protrusion of the pharynx produces enough 
distortion so that it is not possible to determine 
exactly the position of the anterior elytra. Evi¬ 
dently the first pair covers the prostomium and 
is colorless except for a few widely distributed 
black spots. The second is much smaller than 
the first, the third larger than the second but 
still smaller than the first. These have a few 
dark spots. The fourth is about as large as the 
third and diffusely pigmented. Beginning with 
the fifth, a considerable area of the dorsal surface 
is uncovered by elytra and these assume a very 
characteristic coloration and form. Each is ap¬ 
proximately oval in outline, its long axis vertical 
and the outer end wider tnan the inner. Near 
the dorsal end is a densely pigmented band, 
separated by a colorless band from the elytron 
margin. From one-half to one-third of the ely¬ 
tron surface shows more or less pigmentation, the 
densest portion being the dorsal area mentioned 
above. The combined effect is that of two dark 
brown bands along the dorso-lateral surface of 
the body. A very faint brownish tint, due to 
numerous small transverse lines, marks the dorsal 
surface beneath the elytra. The remainder of 
the body is colorless. The first pair of ventral 
cirri are very large, following ones successively 
smaller, most reaching only to end of parapodium. 
The dorsal cirri are nearly of the same size 
throughout. 

A median parapodium has nearly equal an¬ 
terior and posterior setal lobes and a spoon¬ 
shaped lip underlying the neuropod (Text-fig. 10). 
The dorsal cirrus has a heavy cirrophore and a 
conical style reaching a short distance beyond 
the setal lobe. The ventral cirrus is much more 
slender, its acute tig just about reaching the end 
of the neuropod. There are three types of setae. 


The first lie in the median portion of the row, 
have heavy brown shafts slightly enlarged and 
curved toward ends, apex obliquely truncated 
(Text-fig. 11). To this truncated portion is at¬ 
tached a slender terminal joint having fine hairs 
on its. surface. Above and below these are 
slender setae, their apices very slender lanceolate 
in outline, the terminal portion covered by fine 
hairs. Another and larger tuft of colorless setae 
lies ventral to the heavy ones. These (Text-fig. 
12) widen toward the ends and are curved. At 
the curve are toothed plates and beyond these, 
fine hairs cover the entire surface. 

The gills are bladder-like structures on the 
dorsal parapodial surfaces and are most promi¬ 
nent on the elytra-bearing somites. 

This species is here classed in the genus 
Polyodontes , because of the presence of gills. If, 
however, Chamterfin’s synonymy is correct 
(1919, p. 86), Polyodontes is preoccupied and it 
should be listed as Acoctes. 

The type was collected at Station 182: D-4 
(Chamela Bay, Mexico, November 17, 1937, in 
16 fathoms), Cat. No. 37,152, and is in the col¬ 
lection of the Department of Tropical Research 
of the New York Zoological Society. 

Family Aphroditidae. 

Aphrodita Linnaeus. 

Specimens of Aphrodita , all too badly pre¬ 
served to admit of species identification, were 
collected at Station 189: D-2 (17 miles S. E. by 
E. of Acapulco, Mexico, November 29, 1937, in 
20 fathoms), Cat. No. 37,742; Station 195: D-17 
(Port Guatulco, Mexico, December 7, 1937, in 6 
fathoms), Cat. No. 37,741; Station 214: D-3 and 
4(14 miles S. by E. of Judas Point, Costa Rica, 
March 1, 1938, in 50 and 61 fathoms), Cat. No. 
38,409. 

Family Phyllodocidae. 

Phyllodoce Savigny. 

Phyllodoce oculata Ehlers. 

Phyllodoce oculata Ehlers, 1887, pp. 135-140; 
pi. 40, figs. 4-6. 

Collected at Station 220: L-2 (Isla Parida, 
Gulf of Chiriqui, Panama, March 12, 1938, 
surface light), Cat. No. 38,650; Station 126: 
D-19 (S. E. of Cedros Island, Mexico, November 
10, 1937, in 25 fathoms), Cat. No. 3,794. 

Phyllodoce groenlandica Oersted. 

Phyllodoce groerdandica Oersted, 1842-43 
Teste McIntosh. McIntosh, 1908-10, pp. 86- 88; 
pi. 58, fig. 5; pi. 68, figs. 4-6; pi. 78, fig. 7. 

Collected at Station 223: L-l (Bahia Hermosa, 
Coiba Island, Panama, March 19, 1938, at sur¬ 
face fight), Cat. No. 38,760. 

Eulalia magnapupula sp. nov. 

(Text-figures 13 17). 

Characterized by very large eyes and short 
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tentacles and cirri. Two specimens, of which the 
type is the larger but is incomplete. The smaller 
is 57 mm, long and in the anterior body region 
is 4 nun. in diameter to the ends of the setae. 
The posterior end is very narrow and possibly 
regenerating. 

In the preserved material the anterior margin 
of the prostomium is rounded, the lateral margins 
straight and running directly into the eyes 
(Text-fig. 13). The paired tentacles are heavy 
cones hardly longer than wide, only the anterior 
ones visible from the dorsal surface. The median 
tentacle is inconspicuous and is situated at about 
the middle of the dorsal prostomial surface. The 
eyes are very large, either one being larger than 
the exposed portion of the prostomium. Their 
lenses are visible only from the sides. The ten¬ 
tacular cirri are one pair on the first somite, two 
pairs on the second and one pair on the third 
(Text-fig. 14). The cirrophores of dorsal one on 
second and third pairs are heavy and about as 
long as the styles. The style of the third pair is 
the longest but this barely reaches the third 
somite. The eyes are dark brown, the peristomial 
surface is marked by brown pigment, cirrophores 
of tentacular cirri dark brown, styles colorless. 
Anteriorly the body color is light brown with a 
tendency toward a transverse dark band near the 
anterior margin of the somite and a darker spot 
on the anterior margin of the parapodium. This 
latter spot becomes more prominent posteriorly, 
and posterior to about the twenty-fifth somite is 
carried on a definite rounded lobe. The flattened 
dorsal cirri are more or less spotted with brown. 
Anteriorly on the ventral surface the pigmenta¬ 
tion is diffuse, while posteriorly there is a dark 
spot at the base of each parapodium. On the 
midventral portion of each somite is an uncol- 
ored spot shaped like a thickened H which is 
prominent against the diffuse brown of the 
general surface. Neither specimen retains the 
anal cirri. 

The parapodium is conical (Text-fig. 15), the 
posterior lip the longer and terminating in a fila¬ 
mentous tip, the acicula protruding from the 
surface by the side of this filament. Between the 
two lips arises a fan-shaped seta tuft. The dorsal 
cirrus is broad-lanceolate on a heavy cirrophore 
and reaches about as far as the end of the fila¬ 
ment on the setal lobe. The ventral cirrus is 
shorter than the setal lobe, heavy, with recurved 
tip. There are two kinds of setae, the first 
simple, bluntly rounded and slightly curved at 
the tip (Text-fig. 16), the other compound, with 
a long basal joint, the terminal joint slender and 
sliarp-pointed (Text-fig. 17). 

In the type the pharynx is protruded to a dis¬ 
tance equal (in preserved material), to the 
length of the first eight somites. 

The type was collected at Station 225: T-l 
(11 miles S. W. by 8. of Jicaron Island, Panama, 
March 20,1938, in 500 fathoms), Cat. No. 38,767. 
Another specimen was taken at Station 227: T-l 
(20 miles S. W. of Morro de Puercos, Panama, 
March 21,1938, in 500 fathoms), Cat. No. 38,789. 
The type is No. 38,767 in the collection of the 


Department of Tropical Research of the New 
York Zoological Society. 


Family Tomopteridae. 

Tomopteris Eschscholtz. 

Tomopteris opaca Treadwell. 

Tomopteris opaca Treadwell, 1928, pp. 463,464, 
fig. 178: fig. 29. 

Collected at Station 210: T-10 (20 miles south 
of Cape Blanco, Costa Rica, February 27, 1938, 
in 500 fathoms), Cat. No. 38,391. Station 233: 
T-l (55 miles south of Cape Corrientes, Colombia, 
April 3, 1938, in 500 fathoms), Cat. No. 38,908. 


FaMITA TyPHOS(OLE('IDAE. 

Travisiopsis Levinson. 
Travisiopsis atlantica Treadwell. 

Tramsiopsis atlantica Treadwell, 1936, pp. 62, 
63; figs. 30-33. 

Collected at Station 227: T-l (20 miles S. W. 
of Morro de Puercos, Panama, March 21, 1938, 
in 500 fathoms), Cat. No. 38,789. 


Family Lkodicidak. 

Leodice Savigny. 

Leodice longisetis Webster. 

Leodice ( Eunice) longisetis Webster, 3884, pp. 
317, 318; pi. 10, figs. 46-49. 

Collected at Sihuatenejo, Mexico, November 
24, 1937, in coral, Cat. No. 37,266. 


Leodice paloloides Moore. 

Leodice paloloides Moore, (?) 1919, pp. 246-249; 
pi. 7, figs. 5-7. 

Collected at Sihuatanejo, Mexico, November 
24, 1937, in coral, Cat. No. 37,266A. 


Diopatra Aud. ct M. Ed. 

Diopatra ornata Moore. 

Diopatra ornata Moore, 1911, pp. 273-277; pi. 
18, figs. 77-85. 

Collected at Station 196: D-18 (Tangola- 
Tangola Bay, Mexico, December 13, 1937, in 30 
fathoms), Cat. No. 37,645A. 


Hyalinoecia Malmgren. 

Hyalinoecia Juvenalis Moore. 

Hyalinoecia jvvenalis Moore, 1911, pp. 277- 
280; pi. 18, figs. 86-95. 

Collected at Station 203: D-2 (Port Parker, 
Costa Rica, January 20, 1938, in 10 fathoms), 
Cat. No. 38,109A. 
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Treadwell: Polychaetom 

Arabella Grube. 

Arabella pacifica ftp. nov. 

(Text-figures 18-21). 

The body is broken about at its middle but the 
entire animal is preserved, the total length being 
160 mm. The body width is 3 ram., the pro- 
stomial width 1.3 mra. The prostomium is 
rounded (Text-fig. 18) and no eyes are visible. 
The anterior parapodia are very small, later ones 
increase in size but the posterior ones are small. 
There are two anal cirri, these being short with 
rounded ends. On the parapodia are prominent 
dorsal lobes extending to the ends of the setae. 
Setae are of only one kind (Text-fig. 19), having 
slender stalks widened and geniculate toward the 
extremities with very sharp apices and a pair of 
toothed wings at the bend. In profile only one 
of the wings is visible and unless slightly tilted 
the marginal denticulations do not appear. In 
each para]>odium are three aciculae protruding 
only very slightly from the surface. 

All mouth parts jet black. In the maxilla the 
terminal plate on either side has only one tooth 
(Text-fig. 20). No. 2 has on either side a 6- 
toothed plate; No. 3 on either side 7 teeth. The 
forceps are heavy and overlie the proximal plates 
so that without destroying the specimen it was 
not possible to determine the precise number of 
teeth in each of the latter, but they extend as far 
as the forceps base and are toothed for the greater 
part of their length. Apparently also the inner 
margin of the forceps is toothed. The basal rods 
are very long, less than half of them being shown 
in the figure The mandible is rectangular with 
a forked base (Text-fig. 21). 

The type was collected at Sihuatanejo, 
Mexico, November 24, 1937, in coral, Cat. No. 
37,266, and is in the collection of the Department 
of Tropical Research of the New York Zoological 
Society. 

Family Amphictenidae. 

Pectinaria Lamarck. 

Pectinaria gouldii Vernli 

Fed maria goukhi Yerrill, 1873, p. 612; figs 87, 

87 A. 

Collected off Ballenas Bay, Gulf of Nicoya, 
Costa Rica, February 26, 1938, in mangrove 
mud, Cat. No. 38,359A. 


Family Opheliidae. 

Ammotrypane Rathkc. 

Ammotrypane bermudiensis Treadwell. 

AnimotryjHine bermudiensis Treadwell, 1936, 
pp. 60, 61; figs. 24-26. 

Collected at Station 208: D-3 (Piedra Blanca 
Bay, Costa Rica, February 6,1938, in 4 fathoms), 
Cat. No. 38,187A. 


Annelids from Mexico 

Family Capitellidae. 

Notomastus Sars. 

A single specimen of undetermined species was 
collected at Station 126: D-16 (East of Cedros 
Island, Mexico, November 10,1937,42 fathoms), 
Cat. No. 3,781. 


Family Glyceridae. 

Hemipodus Quatrefages. 

Hemipodus mexicanus Chamberlin. 

Hemipodus mexicanus Chamberlin, 1919, pp. 
349-350; pi. 63, figs. 2-3. 

Collected at Station 126: D-16 (East of Cedros 
Island, Mexico, November 10, 1937, in 42 
fathoms), Cat. No. 3,781A. 

Family Chlorhaemidae. 

Stylarioides Della Chiaje. 

Stylarioides sp.? 

Collected at Station 221: D-5 (Gulf of Chiriqui, 
Panama, March 13, 1938, in 35-40 fathoms), 
Cat. No. 38,G59A. 

Family Terebellidae. 

Terebella Linnaeus. 

Terebella gorgonae Munro. 

Terebella gorgonae Munro, 1933 A, pp. 1070, 
1071, fig. 18. 

Collected at Station 203: D-9 (Port Parker, 
Costa Rica, January 22, 1938, in 2 fathoms), 
Cat. No. 38,111 

Terebetlides Sars. 

Terebellides stroemi Sars. 

Tcrcbelhdes stroemi Sars, 1835. Teste McIntosh. 
McIntosh, 1922, pp. 209-215; pi. 120, fig. 3; pi. 
127, fig. 5. 

Collected at Station 126: D-16 (East of Cedro 8 
Island, Mexico, November 10, 1937, in 42 fath“ 
oms), Cat. No. 3,781 A. 

A single specimen of an empty tube of a tere- 
bellid, strongly resembling that of Lanicc figured 
by McIntosh (1885. pi. 49, fig. 4), was collected 
at Station 224: D-3 (Hannibal Bank, Panama, 
March 20, 1938, in 35 fathoms), Cat. No. 38,755. 


Family Sabellidae. 

Sabella Linnaeus. 

Sabella melanostigma Schxnarda. 

Sabella melanostigma Schmarda, 1861, p. 36. 
Ehlers, 1887, p. 263. 

Collected at Sihuatanejo, Mexico, March 24, 
1937, in coral, Cat. No. 37,266A. 
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Plankton of the Bermuda Oceanographic Expeditions. X. 

Polychaetous Annelids from Bermuda Plankton, with 
Eight Shore Species, and Four from Haiti . 1 

Aaron L. Treadwell 
Ik/Hirtment of Zoology , Vasttar CoUegi. 

(Text-figure* 1-9). 
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[This is the tenth of a series oi papers dealing 
with the plankton content of a series of nets 
drawn through a cylinder of water off the coast 
of Bermuda on the Bermuda Oceanographic 
Expeditions of the Department of Tropical 
Research under the direction of Dr. William 
Beebe. Full details as to this circle of water, 
and of the dates / depths, etc., of the nets will be 
found in Zoologicaf Vol. XIH, Nos. 1, 2 and 3, 
pp. 1-45, and Zodogica, Vol. XXI, No. 3, pp. 
69-73.1 


Introduction. 

The following is an account of 23 species of 
polychaetous annelids collected primarily at 
Bermuda on the Bermuda Oceanographic Ex- 


1 Contribution No. 614, Department of Tropical Re¬ 
search, New York Zoological Society. 

Contribution from the Bermuda Biological Station 
for Beee&rch, Inc. 


Family Leodimdae 

Leodice stigmatura Vemll 28 

Leodice culebra Treadwell 28 

Leodice mutilaia Webster . 28 

Family Syllidae 

Aulolyius bidens sp nov 28 

Haplosyllis gula Treadwell 29 

Family Amphictonld&o 

Pectmarla gouldii Verrill 29 

Family Opheliidao 

Ammotrypane bermudtensis Treadwell 29 

Family filyceridae 

Telake cpipolasis Ohamlierlin 29 

Family Terebellidao 

Eupolymma magnijica Webster 29 

Family Sabcllidao 

Dasychonopsis conspcrsa Elder* 29 

Family Serpulidae 

Spirobranchus trlcornis (Mbrch) Elilers 29 

Bibliography 29 

pcditions of the Department of Tropical Research 
of the New York Zoological Society, plus materi¬ 
als relating to specimens collected on the Haitian 
Expedition of the Department in 1927. Three 
new species are described, the types of which are 
deposited in the collections of tne Department of 
Tropical Research. 


Systematic Account. 

Family Amphinomidak. 

Hermodice Kinberg. 

Hermodice carunculata Kinberg. 
Hermodice carunculata Kinberg, 1857, p. 13. 
Collected at Cooper's Island, Bermuda, in 
mud, Sept, II, 1931, Cat. No. 312,029. Nonsuch 
Island, Bermuda in shallow water, July 23, 1929, 
Cat. No. 29,135. 
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Family Polynoidae. 

Lepidonotus Leach. 

Lepidonotus pilosus Treadwell. 

Lepidonotus pilosus Treadwell, 1937, pp. 141- 
143, pi. 1, figs. 1-7. 

Collected at Bizoton, Port-au-Prince Bay, 
Haiti, March 22, 1927. 

Family Siualionidae. 

Acanthicolepis Norman. 

Acanthicolepis longicirrata sp. nov. 

(Text-figures 1-4). 

Characterized by the long tentacles and cirri 
and by the large eyes. As seen from above the 
pigmented borders of the two eyes on either side 
are in contact (Text-fig. 1) and appear to run 
together, forming a heavy pigmented border to 
the prostomium. The lens of the posterior eye 
points laterally, thus seemiug to bend the pig¬ 
mented band toward the dorsal surface. The 
lens of the anterior eye is not visible from above. 

Length 15 mm., width of prostomium 1 mm., 
greatest body width to parapodial bases 4 mm. 
in region of 9th somite. At first gradually, later 
more rapidly, the body tapers to about 0.5 mm. 
at the posterior end. Only one elytron remains 
and the preservation is such that it is impossible 
to be certain of the elytrophore count in later 
somites but the number is apparently 18. The 
prostomium is somewhat broader than long, each 
half ending on its anterior margin in a well 
marked peak. The cirrophore of the median 
tentacle is heavy, set into a shallow depression 
between the two prostomial halves. The style 
of the median tentacle is about the length of the 
palps, these 3 mm. long, colorless and curved, 
the apices diverging. Cirropliores of the lateral 
tentacles small, styles slender, reaching to about 
the middle of the palps. Only one tentacular 
cirrus and one dorsal cirrus remain, thebe being 
about as long as the palps. Each cirrus has a 
central opaque wliite core, the remainder being 
translucent. Apparently the elytra originally 
covered the dorsal surface but only one remains. 
This is so transparent as to be easily overlooked. 
On its surface are numerous, evenly distributed, 
low spines visible under a 40 diameter magnifica¬ 
tion. Its outline is approximately circular. 

In a parapodium taken from in front of the 
middle of the body (Text-fig. 2) the notopodium 
is shorter than the neuropodium and the latter 
when seen from above has an inflated appearance, 
its longitudinal diameter being greater than that 
of the notopodium. The nolopodial acicula is 
shorter but slightly heavier than the neuropodial, 
the former being covered nearly to its apex by a 
symmetrical tissue outgrowth. A similar out¬ 
growth covers the ncuroacicula but there is in 
addition a papilla lying parallel to the acicula 
end (Text-fig. 2). The ventral cirrus is slender 
and elongated, extending for nearly half its 
length beyond the apex of the setal lobe. The 


notosetae are heavier than the neurosetae and 
form a diverging tuft which extends almost 
vertically from the notopodium. They are of 
two kinds, one straight and sometimes very 
heavy, the others shorter and curved. Both have 
transverse rows of plates whose margins seem not 
to be particularly toothed. The neurosetae are 
more numerous and more slender. The dorsal 
ones in the tuft are slender, have very sharp 
points and alternately arranged rows of toothed 
plates (detail in Text-fig. 3). Ventral to these 
are fewer and larger ones which enlarge toward 
the ends and then narrow to acute apices. A row 
of toothed plates lies along one margin of the 
tapered portion (Text-fig. 4). 

The tyi>e was collected in Net 1,503, 600 fath¬ 
oms deep, off Bermuda, July 25, 1934. Others 
were taken in Net 1,316, 800 fathoms, off Ber¬ 
muda, Sept. 17, 1931, Cat. No. 312,135. It was 
also taken at Station 114: T-5, 500 fathoms, in 
the Hudson Gorge, 125 miles off New York City, 
July 8, 1928. The type is No. 3,465 in the col¬ 
lection of the Department of Tropical Research 
of the New York Zoological Society. 

Family Phyllodocidae. 

Eulalia Savigny. 

Eulalia megalops VcrrilJ. 

Eulalia megalops Verrill, 1900, p. 601. 

Collected in Castle Harbor, Bermuda, August 
13, 1931, Cat. No. 311,247. Taken in a bivalve 
shell in coral. 

Mystides Theel. 

Mystides gracilis sp. nov. 

(Text-figures 5-7). 

A slender species represented only by an in¬ 
complete specimen. What remains is 62 mm. 
long and about 1.5 mm. in diameter in greatest 
width. The prostomium (Text-fig. 5) has the 
form of a cone with rounded apex, the sides 
nearly straight lines. The eyes are large and have 
prominent lenses. Behind the prostomial margin 
is a small tubercle. The tentacles are about one- 
third as long as the prostomium. There are four 
pairs of tentacular cirri arranged according to the 
generic formula. The third pair are the longest, 
reaching somite 7; the dorsal of the second pair 
reaches to somite 5. Except for faint transverse 
lines on the anterior dorsum, the body is colorless. 
In most of the anterior region the dorsal cirri 
have been lost but those that remain are very 
small, barely reaching to the end of the setal 
lobes. Posterior ones (Text-fig. 6) are much 
larger, are rectangular in form and carried on 
heavy bases. In the setal Iol>e there is a slightly 
bifid posterior lip and a rounded one coming to 
the surface between them. In each parapodium 
there are about ten setae having rather heavy 
basal joints, enlarged and spiny at the ends. 
The terminal joints are long and slender, curved, 
and toothed on the concave margins (Text-fig. 7). 
The ventral cirri are longer than the setal lobe, 
have ovate outlines and acute apices. 





To\l-figuiCh 1-9. 

1-4. Acanthicoh pis lougicu rata bp. nov. 1, bead 
X 12; 2, parapodmm X 23; 3, detail of stalk of 
neuroseta X 180; 4, neuroseta X 85. 5-7. Mysti¬ 
fies grcu'ihs sp. nov. 5, head X 15; 6, parapodium 
X 33; 7, seta X 250. 8, Neras agassizt Ehlers. 
Parapodium X 23. 9, Autolytus Indens sp. nov. 

Heaa X 45. 


The type was collected in Net 1,179, off 
Bermuda at the surface, August 14, 1931, Cat. 
No. 311,288, and is in the collection of the 
Department of Tropical Research of the New 
York Zoological Society. „ 


Lopadorhynchus Grube. 

Lopadorhynchus uncinatus Fauvel. 

Lopadorhynchus uncinatus Fauvel, 1916, pp. 
57-61, pi. 1, figs. 2-3; pi. 4, figs. 4-14. 

Collected at Bermuda in the following nets: 
Net 1,321, 50 fathoms, Sept. 18, 1931, Cat. No. 
312,166, color, pinkish tan; Net 1,337, 600 fath¬ 
oms, Oct. 29, 1931, color orange. 


Family Alciopidak. 

Vatiadis Clapar&le. 

Vanadis fuscapunctata Treadwell. 

Vdhadis fuscapunctata Treadwell, 1906, pp. 
1159-1160, figs. 29-31. 

Collected in Bermuda in the following: Net 10, 
400 fathoms, April 9, 1929, Cat. No. 2932; Net 
1,175, 600 fathoms, Aug. 14, 1931, Cat. No. 
311,761, color transparent, eyes scarlet; Net 
1,262, 700 fathoms, Sept. 4, 1931, Cat. No. 
311,807; Net 1,264, 900 fathoms, Sept. 4, 1931, 
Cat. No, 311,821, color dirty tan in general, eyes 
coral red; Net 1,275,1,000 fathoms, Sept. 7,1931, 
Cat. No. 311,866, color white, eyes scarlet; Net 
1,308, 100 fathoms, Sept. 16, 1931, Cat. No. 
312,073, color olive, eyes red; Net 1,321, 50 
fathoms, Sept. 18, 1931, Cat. No. 312,167, color 
lemon yellow, eyes coral red; Net 1,508, 100 
fathoms, Aug. 14, 1934, Cat. No. 34,256. 

The following field-notes were made upon 
specimen No. 31,472 (Net 1,050, 25 fathoms, 
duly 6, 1931), 23 mm. long: 

Color: Eyes coral red with gleaming, brighter 
centers which are at the base of a tiny projecting 
crystal dome. Otherwise the animal is entirely 
transparent except for a yellowish, reddish, 
brownish or blackish spot behind the base of each 
lateral appendage. These spots are lightest and 
brightest w r hen the worm is active or when it has 
been exposed for some time to bright light. 
There is no noticeable change in their size, except 
]x)ssibly a slight contraction after the worm was 
placed in the darkness of a refrigerator. The 
eyes paled only slightly when the worm was kept 
in darkness. As the worm weakened a growing 
opaqueness was noticeable. 

Movements: Locomotion is principally by 
means of the short, three-leaved, shamrock-like 
paired appendages which, on alternate sides, are 
thrown abruptly forward and back so that the 
worm, seen from above, has a ridiculous sort of 
waddle. It seems to move either ahead or in 
reverse with equal facility and no apparent 
change of method. When greatly excited it 
shoots through the water with tremendous con¬ 
tortions, twistings and loopings of the entire 
body. 

The partitions between the segments, as trans¬ 
parent as the body wall, are pierced by holes 
which, more or less rhythmically, though not in 
unison, expand almost to full diameter of the 
segment and contract nearly to pinheads. The 
funnel-shaped proboscis is likewise contractile. 

This wonn remained alive in the Bermuda 
laboratory for two days. It was kept in a qui¬ 
escent condition in the refrigerator most of the 
time, but was revived at intervals of a few hours 
in the warm air of the laboratory. About five to 
ten minutes were required for it to show signs of 
life. 
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Iamily Tomopteridae. 
Tomopteris Eschscholtz. 
Tomopteris longisetis Treadwell. 

Tomopteris longisetis Treadwell, 1936, pp. 
58-59, figs. 18-21. 

Collected in Bermuda, Net 1,332. 600 fathoms, 
Oct. 28, 3931, Cat. No. 312,227, color white. 

Fragments and young of tomopterids were col¬ 
lected in other nets at Bermuda, but none were 
identifiable. 

Family Typhoscolectdae. 

‘ Travisiopsis Levinsen. 
Travisiopsis atlantica Treadwell. 

Travisiopsis atlantica Treadwell, 1936, pp. 62, 
63, figs. 30-33. 

Collected in Bermuda in the following nets: 
Net 793, 700 fathoms, July 9, 1930, Cat. No. 
30,477; Net 869, 3,000 fathoms, Sept. 10, 1930, 
Cat. No. 30,844, color orange yellow; Net 881, 
600 fathoms, Sept. 12, 1930, Cat. No. 30,904, 
color orange yellow; Net 956, 1,000 fathoms, 
Sept. 28, 1930, Cat. No. 301,307; Net 1,258, 900 
fathoms, Sept. 3, 1931, Cat. No. 311,778; Net 
1,264, 900 fathoms, Sept. 4, 1931, Cat. No. 
311,820, color transparent white. 

Family Nereidae. 

Nereis Cuvier. 

Nereis bairdii Webster. 

Nereis bairdii Webster, 1884, pp. 312-313, pi. 
8, figs. 22-28. 

Collected at the surface at Bermuda as follows: 
Net 982, surface, May 19, 1931, Cat. No. 3,124; 
Net 1,179, surface, Aug. 14, 1931, Cat. No. 
311,286; dip net at night-light, Aug. 27, 1937. 
Those from Net 982 are in the heteronereis stage. 

Nereis mirabilis Kinberg. 

Nereis mirabilis Kinberg 1865, p. 170. 

Collected in Bermuda as follows; Net 982, 
surface, May 19, 1931, Cat. No. 3,124A; Net 
1,332, 600 fathoms, Oct, 28, 1931, Cat. No. 
312,286. 

Nereis agassizi Ehlers. 

(Text-figure 8). 

Nereis agassizi Ehlers, 1868, pp. 542-546, pi. 
23, fig. 1. 

A single specimen, doubtfully identified as this 
species. Its most characteristic features are the 
dark parapodial glands and the single heavy 
spine in each parapodium lying almost in contact 
with the notopodial acictila on its dorsal surface 
(Text-fig. 8). This also conforms with reasonable 
accuracy to the brief description of N. kobiemis 
as given by McIntosh (1885, pp. 210-212, pi. 34, 
figs. 3-6; pi. 16a, figs. 2-4). I was unable to get 


a good view of the jaw apparatus which would 
liave been confirmatory. Both of these species 
have some resemblances to N. dumerilii Aud. et 
M. Ed., but no diagnoses that I have seen of the 
latter species mention the heavy spine. 

Collected in Bermuda, Net 1,237,700 fathoms, 
Aug. 29, 1931, Cat. No. 311,651, color orange- 
yellow. 

Family Leodicidae. 

Leodice Savigny. 

Leodice stigmatura Verrill. 

Leodice stigmatura Verrill, 1900, pp. 641-643. 

Collected in tidepool on Nonsuch Island, 
Bermuda, April 23, 1929, Cat. No. 2,945. 

Leodice culebra Treadwell. 

Leodice {Eunice) culebra Treadwell, 1901, p. 
197, fig. 37. 

Dredged off Nonsuch Island, Bermuda, 2 
fathoms, Nov. 4, 1931, Cat. No. 312,339. 

Leodice mutilata Webster. 

Leodice {Eunice) mutilata W T ebster, 1884, pp. 
315-316, pi. 9, figs. 36-40. 

Collected in coral, Castle Harbor, Bermuda, 
May 1929. 

Family Syllidae. 

Autolytus Grube. 

Autolytus bidens sp. nov. 

(Text-figure 9). 

In a t>ottle labeled “luminous worms, from 
Castle Harbor, Bermuda” were numerous frag¬ 
ments of an Autolytus that is evidently of a new 
species. No entire individuals were present and 
I have no information concerning absolute size 
or differences in body regions. The prostomium 
(Text-fig. 9), is broader than long, its posterior 
margin deeply indented and almost its entire 
dorsal surface taken up by the eyes of which the 
anterior pair is the larger. They are dark brown 
in color and very conspicuous. The median 
tentacle is from six to eight times as long as the 
prostomium, lateral tentacles much shorter and 
a little more slender. Tentacular cirri about as 
long as the median tentacle. The first few dorsal 
cirri are long, later ones shorter but all longer 
than body width. Width of prostomium about 
2/3 mm. The pharynx extends through six 
somites, the brown oesophagus through two, the 
stomach through seven. In the type the first 
twenty-one somites have only compound setae 
while later ones have in addition a tuft of long 
and extremely slender simple ones. With the 
appearance of the longer setae the antero-postero 
diameter of the parapodia increases, giving them 
a swollen appearance. There was no indication 
of sex products. 

The compound setae are very small, the basal 
joint slightly widened and beveled at the end. 
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The terminal joint is extremely short and has a 
terminal tooth and a smaller one at about the 
middle of the concave surface. 

Collected at surface, Nonsuch Island, Bermu¬ 
da, Nov. 16, 1931. Type, No. 312,351, Depart¬ 
ment of Tropical Research, New York Zoological 
Society. 

Haplosyllis Langcrhans. 

HaplosyUis gula Treadwell. 

Haplosyllis gxda Treadwell, 1924, pp. 11, 12, 
figs. 19-23. 

Dredged in shallow water, Isle de Gonave, 
Haiti, June 1, 1927, Cat. No. 272. 


Family Amphiotenh>ak. 

Pectinaria Lamarck. 

Pectinaria gouldii Verrill. 

Pectinaria gouldii Verrill, 1873, p. 612, figs. 
87, 87a. 

Collected in Castle Harbor, Bermuda, Nov. 2, 
1931, 2 fathoms, Cat. No. 312,342. 


Family Opiikliidae. 

Ammotrypane Rathke. 

Ammotrypane bermudiensis Treadwell. 

Ammotrypane bermudiensis Treadwell, 1936, 
pp. 60, 61, figs. 24-26. 

Collected at surface off Nonsuch Island, 
Bermuda, May 12, 1931, Cat. No. 317. Speci¬ 
mens dredged at 2 fathoms, off Nonsuch Island, 
Bermuda, Aug. 25, 1931, Cat. No. 311,675, and 
Oct. 3, 1931, Cat. No. 312,234. 


Family Glyoekjdae. 

Telake Chamberlin. 

Telake epipolasis Chamberlin. 

Telake epipolasis Chamberlin, 1919, pp. 346- 
348, pi. 63, figs. 4-8; pi. 04, fig. 1. 

Collected at Bermuda, Net 1,179, surface, 
Aug. 14, 1931, Cat. No. 311,287, 


Family Teuebellidae. 

* 

Eupolymnia Verrill. 
Eupolymnia magnified Webster. 

Eupolymnia (TerebeUa) magnifica Webster, 
1884, p. 324, pi. 11, figs. 58-60. 

Collected in Bermuda as follows; Nonsuch 
Island, tidepools, Apr. 23 f 1929, Cat. No. 
2,945A; Nonsuch Island, tidepools, Aug. 22, 
1929, Cat. No. 29,158; surface at night, near 
Nonsuch Island, Sept. 13, 1931, Cat. No. 
311,996. 


Family Sabellidae. 

Dasychonopsis Bush. 

Dasychonopsis conspersa Ehlers. 

Dakychonopsis (Dasychone) conspersa Ehlers, 
1887, pp. 226-270, pi. 54, figs 1-6, 

From bottom of old barge, Bizoton, Port-au- 
Prince Bay, Haiti, Cat. No. 27,212. 


Family Serpulidae. 

Spirobrartchus Blainville. 

Spirobranchus tricomis (Mftreh) Ehlers. 

Spirobranchus tricomis Ehlers, 1887, pp. 292- 
295; pi. 57, figs. 8-15. 

Collected at Lamentin Reef, Port-au-Prince 
Bay, Haiti, Apr. 26, 1927, Cat. Nos. 27,379, 
27,385, color red with golden setae. 
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Caudal Skeleton of Bermuda Shallow Water Fishes. V. 

Order Percomorphi: Carangidae . 1 

Gloria Hollister 

Dc part merit of Tropical Research 
(Text-figures 1-20). 

Outline. We are indebted to the American Museum of 
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Introduction. 

This is the fifth of a series of papers dealing 
with the caudal skeleton of Bermuda fishes. The 
Carangidae of Bermuda is represented by six 
genera and twelve species No specimens are 
available of (\aranx guara, considered uncommon 
in Bennuda, cither in the collection of tins de¬ 
partment or in the collections of several other 
institutions. Caranx guara , locally known as 
“G welly,” is seen by fishermen in shallow water 
but is said to be a shy, wary fish. 

This paper deals principally with the adult 
fishes, as is the case with the four preceding 
studies of this series, but when young stages were 
available these were included. 

The length of specimens ii^ this paper is stand¬ 
ard length unless otherwise stated. 

For caudal fin terminology, general bibliog¬ 
raphy, and method of preparing specimens for 
this study, refer to Part L 

The symbols used in the figures are EP, 
epural; HS, haemal spine; 1, 2, 3, 4, 5, hypurals; 
1HS, interhaemal spine; INS, intemeural spine; 
NS, neural spine; UN, uroneural; UR, urostyle. 

1 Contribution No. 615, Department of Tropical Re¬ 
search, New York Zoological Society. 

Contribution from the Bermuda Biological Station 
for Research, Inc 


Natural History for three specimens of Argy - 
reiosus vomer. I take this opportunity to thank 
Dr. William Beebe, Director of this Department, 
and Mr. John Tee-Van, General Associate, for 
their cooperation. 

The drawings are by Miss Janet B. Wilson, 
who kindly volunteered to do this work. 

In Bermuda Carangidae several precaudal 
vertebrae are neither typical trunk nor typical 
caudal in structure. In all species these verte¬ 
brae have ribs (although in several specimens 
diminutive), which is characteristic of the typical 
trunk vertebrae. Closed haemal arches are also 
present, a typically caudal character. These 
precaudals include several modified vertebrae 
which immediately precede the true caudal. 

The structure of the precaudal haemal arch in 
Trachvrops differs radically from that of Chloro- 
setmbrus and Caranx and is readily distinguished 
from these two latter sj>ecies by the crescent- 
shaped arch. 

In Dei apturuH macarellus and Decapterux 
punctatus several precaudals and anterior true 
caudals are crescent-shaped and arise on the 
anterior half of their centra. Decapturux is the 
only species in this study which has the anterior 
true caudal haemal processes crescent-shaped. 

It is of interest to note that the Bennuda 
Synodontidae is also unlike the families studied 
in Parts I, II and IV in having several vertebrae 
in the precaudal region which deviate from the 
typical trunk and caudal forms. In Synodontidae 
there are present, between the trunk and caudal, 
vertebrae lacking ribs (ribs being characteristic 
of the trunk), and also lacking closed haemal 
arches with spines, this structure being charac¬ 
teristic of the cauaal. 

In Bermuda Carangidae there is also this devi¬ 
ation from what is generally designated typical 
trunk and typical caudal vertebrae. This differ¬ 
ence is found in several precaudal haemals which 
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have closed arches typical of the caudal region 
hut lack the haemal spine which is typical of the 
trunk. Because of these differences the term 
precaudal centra is used as in Synodontidae. 

The key is based on characters of the adult. 
In this respect it is important to mention, as an 
example, that in the immature specimen of 
Chloroscombrus chrysurus ) 0 mm., the difference 
in length of the three short posterior neural and 
haemal spines and the length of the preceding 
long pair of spines is not pronounced as it is in 
the adult. In the mature specimen both the 
difference in length and shape is conspicuous and 
is considered a key character. 

1. Decapterus macarellus (Cuvier & 
Valenciennes). 

(Text-figure 7). 

Diagomstic Characters: 

1 interneural and 1 interhaemal arising over 
the 4th vertebra anterior to the urostyle. 

The horizontal length of this posterior inter¬ 
neural and interhaemal about one and a half 
times longer than the anterior oblique part. 

Haemal base of first anterior caudal lunar¬ 
shaped. 

Caudal intemeurals and interhaemals more 
ftlender than in the other genera. 

Third stout posterior neural and haemal spines 
dagger-shaped and extend obliquely over 
three quarters of the following vertebra. 

Material Studied. 

The following description is taken from one 
specimen caught in Bermuda, Cat. No. 9,139, 
KOH Cat. No. 604, length 140 mm. 

Caudal Osteology. 

Urostyle: The urostyle is conical in shape*. The 
posterior end appears to be consolidated on the 
dorsal surface with the base of the uroneurals and 
the fifth hypural and on the ventral with part of 


the base of the first and second hypurals. The 
anterior part of the urostyle is identical in form 
and size with the adjacent posterior part of the 
penultimate centrum. 

Uroneurals: There is one pair of uroneurals. 
These paired bones extend from the anterior 
margin of the urostyle to the distal margin of the 
hypural complex. On dissecting away the caudal 
rays the dorsal tip appears distinct from the tip 
end of the fifth hypural with which the uroneurals 
are fused. Text-figure 4$$ a 10 mm. Decapterus 
pu net atm shows the smalrrifth hypural in relation 
to the undeveloped uroneurals. Both these bones 
are only slightly ossified. Where young speci¬ 
mens of Carangidae were available for study this 
same relation of the two Ixmes is found. Text- 
figures 13, 16, 17 and 18. 

Hypurals: In this adult specimen there appear 
to be four hypural bones; two below ana two 
above the median line. In the 10 mm. Decapterus 
punclatus , Text-figure 9, the large dorsal hypural 
is divided almost to the distal margin, indicating 
that in a slightly younger specimen this single 
bone of the adult is formed by two separate 
elements. This condition is found in several 
other young carangids. Text-figures 16, 17. 
The first and fifth hypurals are almost identical 
in size and are complimentary in their distal 
positions in the marginal complex. The two 
large median hypurals of the adult are completely 
separate to the anterior rounded ends which are 
partly covered by the base of the uroneurals and 
the projected lateral muscle attachment process 
of the first hypural. The fifth or dorsal-most 
hypural is recognized in the adult by the pointed 
tip adjacent to the end o i the fourth hypural. 
For its entire length, with the exception of this 
tip, the fifth hypural is fused with the uroneurals, 
and appears as one with these bones. Younger 
siiecimens give the true explanation of the de¬ 
velopment and relationship of the fifth hypural 
and the uroneurals. In the 42 mm. specimen of 
Decaptenis punctatm the fifth hypural is more 
easily distinguished by the prominent line of 
junction which is still present between the hy¬ 
pural and the uroneurals. 
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Epurals: There are two epurals. The posterior 
bone is slender and rod-like and slants obliquely 
forward and downward from the difltal caudal 
margin to the dorsal edge of the uroneurals. The 
ventral tip is inserted between the two lateral 
uroneural bones. The anterior epural is wider 
than the ventral epural throughout the entire 
length. Anteriorly, a long finger-like projection 
extends forward and fills the area above the re¬ 
duced neural process of the last centrum. Similar 
to the smaller epural, part of the ventral tip is 
inserted between the uroneural bones. 

Additional Characters Worthy of Note: This is 
the only genus of Bermuda Carangidae which has 
the extremely long and slender posterior inter- 
neural and interhaemal spines. The anterior and 
median ends arise near the anterior zygapophyses 
of the fourth vertebra from the urostyle and the 
bones extend back and toward the centra almost 
to the posterior margin of the next centrum. 
The interneurals and interhaemalb, preceding the 
prolonged posterior pair, are more slender than 
in the other species studied in this paj>er. 

The precaudal haemal processes and also the 
first caudal haemals are lunar-shaj)ed and placed 
on the anterior part of the centra. This develop¬ 
ment is similar to Decapterus punctatus . 

2. Decapterus punctatus (Agassiz). 

(Text-figures 8, 9). 

Diagnostic ( y hamrtvn: 

2 interneurals and 2 interhaemals arising over 
the 4th vertebra anterior to the urostyle. 

The horizontal length of this posterior pair 
only a little longer than the anterior oblique 
part. 

Haemal base of first anterior caudal lunar- 
shaped. 


Caudal interneurals and interhaemals not as 
slender as those of Decapterus macareUus. 

Dorsal and ventral fin rays not as slender as 
those of Decapterus macarellus . 

Material Studied. 

The following description is taken from three 
specimens caught in Bermuda, Cat. No. 8,968, 
KOH Cat. No. 2316, length 10 mm.; KOH Cat. 
No. 340, length 18 mm.—taken from under a 
jellyfish; KOH Cat. No. 2315, length 42 mm. 

Caudal Osteology. 

Urostyle: In the 42 mm. specimen the urostyle 
is conical in shape and similar to Decapterus 
macarellus. No definite posterior tip can be seen. 
In the 10 mm. specimen the upturned posterior 
end of the urostyle extends beyond the basal end 
of the fifth hypural. The anterior margin is iden¬ 
tical in form with that of the preceding centrum 
but posteriorly the shape changes radically into 
a long slender upturned structure. The urostyle 
is slightly ossified as far as the base of the fifth 
hypural. Here, there is a heavy line across the 
urostyle and beyond this there is little ossifica¬ 
tion. 

Uroneurals: As in Decapterus macarellus , there 
is a single pair of uroneurals and in the 42 mm. 
specimen these paired bones are similar in shape 
and position to those of the above species. In 
Decapterus punctatus the line of junction between 
the fifth hypural and the uroneurals is distinct 
but this has disappeared in the older specimen of 
the other species. In the 10 mm. Decapterus 
punctatus the uroneurals are long, slender, curved 
bones which extend from the hypural margin to 
the anterior part of the urostyle. Throughout 
their entire length the uroneurals are separate 
from the urostyle and the fifth hypural. 



Text-figure 8. 

Decapterus punctatus. Tail of 42 mm. specimen showing the difference between this species 
and Decapterus macareUus in the arrangement and proportions of the interneural and interhaemal 
spines of the posterior groups. X 9.65. 
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Decapterus punctatus. Tail of 10 mm. specimen. This stage shows the development of the 
3rd and 4th hypurals which are fused in the 42 mm. specimen. The fifth hypural and the uro- 
neurals are separate bones in this stage. X 45.4. 


Hypurals: In the 42 mm. specimen there ap¬ 
pears to be four hypurals; two below and two 
above the median line. In the 10 mm. specimen 
there are three hypural bones above the median 
line, which indicates that the large dorsal hypural 
of mature specimens is a combination of two 
bones. Also this young specimen has a small slit 
in the base of the second hypural which probably 
indicates a one-time ancestral division of this 
other large hypural bone. In all Bermuda 
Isospondyli and Iniomi there are at least three 
hypurals below the median line. In general 
shape and proportions the hypural complex oi 
the adult Decapterus punctatus resembles that of 
Decapterus macarellus, with the exception of the 
identity of the fifth hypural and uroneurals. 

Epurals: There are two epurals in the adult, as 
in Decapterus macerellus i and the shape and pro- 
portion» are similar. In this species the ventral 
ends are not inserted i>etween the uroneural 
bones, but this may be an age character. There 
is no trace of the epurals in the 10 mm. specimen. 

Additional Characters Worthy of Note: The 
posterior pair of intemeural and interhaemal 
spines are conspicuously longer than the preced¬ 
ing spines and the oblique part extends j>osterior- 
ly for almost the length of the following centrum. 
This pair is not as long nor as slender as the 
corresponding pair of Decapterus macarellus. 
The precaudal haemal processes and also the 
first caudal haemals are lunar-shaped and placed 
on the anterior part of the centra. 

In the 10 mm. specimen the caudal centra are 
only moderately spool-shaped and the zyga- 
pophyses and the neural and haemal processes 
are undeveloped. The neural and haemal proc¬ 
esses are simple, slender bones and there is little 
differentiation in the development of the four 
anterior pair of spines. This difference is con¬ 
spicuous m the_adult. 


3. Trachinotus palometa Regan. 

(Text-figure 10). 

Diagnostic Characters: 

1 long and slender interneural and 1 intcr- 
liaemal arising over the 4th vertebra anterior 
to the urostyle. 

17 interneurals in the caudal region. 

Bases of haemal processes arising at the center 
of the centra. 

No short or stout interior neural and haemal 
spines. 

Material Studied. 

The following description is taken from one 
specimen caught in Bermuda, KOII Cat. No. 
601, length 119 mm. 

Caudal Osteology. 

Urostyle: The anterior part of the urostyle is 
identical in size and shape to the adjacent part of 
the preceding penultimate centrum. The pos¬ 
terior end cannot be seen because it is consoli¬ 
dated with the bases of the uroneurals and 
hypurals. The dorsal surface is covered by the 
uroneurals and the ventral surface by the hypural 
bases. 

Uroneurals: There appears to l>e a single pair 
of uroneurals, the bones of which extend from the 
anterior dorsal edge of the urostyle to the distal 
margin of the hypurals. For part of the distal 
length the line of junction between the fifth 
hypural and the uroneurals is distinct. In the 
smaller specimen of Trachinotus goodei these 
bones appear separate. 

Hypurals: In this adult specimen there appear 
to be four hypural bones; two below ana two 
above the median line. The second large hypural 
below the median line is solid with the exception 
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of a small oblong hole near the base. In Tra¬ 
chinotus goodei of 54 mm. in length, the base is 
divided and a definite line can be seen which 
extends for half the length of the hypural bone. 
In the large dorsal hypural of Trachinotus 
palometa there is also indication that this hypural 
was at one time divided because a distinct line 
extends anteriorly from the distal margin for 
more than three-quarters of the length of the 
hypural. In the other secies the base of this 
large dorsal hypural is divided and a narrow slit 
extends for about one-quarter the length of the 
bone and does not quite join with the slit extend¬ 
ing from the distal margin. In the species under 
discussion the fifth or dorsal-most hypural is 
closely associated with the uroneurals but each 
can be identified at their dorsal extremity by 
distinct and separate pointed tips and a line 
which extends anteriorly for almost half the 
length. From here the two are fused. In the 
other species this fifth hypural is more distinct. 
Hypural numbers have been omitted from this 
illustration because of the inclusion of the caudal 
fin rays; for hypural reference, see Text-figure 11 
of Trachinotus goodei 

Epurals: There are three epurals in this species 
and genus. The anterior or first epural is the 
largest, which is true of the adults of all the other 
species treated in this paper. Anteriorly, there 
is a broad thin growth which almost fills the 
entire area dorsal to the penultimate centrum and 
the urostyle. The second and third epurals are 
long, slender bones and ven closely associated. 


At both the proximal and distal ends the tips can 
be distinguished as separate bones. The ventral 
ends are not inserted between the uroneurals as 
is the case in Trachinotus goodei . Often this 
appears as a growth character but the specimen 
of this species is less than half the size of Tra~ 
chinohis palometa and the tips of the former are 
inserted. 

Additional Characters Worthy of Note: The il¬ 
lustration of this species is the only one which 
includes the caudal fin rays because the variation 
in the count is slight in the other species of 
Carangidae and therefore of little importance. 
Here the count is: dorsal raylets 6 plus 11 dorsal 
rays, and ventral raylets f> plus 9 ventral rays, 
making a total of 17 dorsal plus 15 ventral. 

4. Trachinotus goodei Jordan <fc Evermann. 

(Text-figure 11). 

Diagnostic Characters: 

2 broad intemeural and interhaemal spines 
arising over the 5th vertebra anterior to the 
urostyle. 

15 interneurals in the caudal region. 

Bases of the haemal processes arising on the 
anterior half of the centra. 

No short or stout posterior neural and haemal 
spines. 

Material Studied. 

The iollowing description is taken from one 
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Text-figure 10. 

Trachinotus palometa. Tail of 119 mm. specimen with three epurals. One intemeural and 
one interhaemal spine is associated with the 4th vertebra from the urostyle. X 3.6* 
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Text-figure 11. 

Trachinotus goodei. Tail of 54 inm. specimen with three epmals and evidence of two pairs 
of uroneurals Two intemeurals and two interhaemals associated with the 5th vertebra from the 
uro8tyle. X 8.5. 

specimen caught in Bermuda, KOH Cat. No pret adequately the development of this part of 
438, length 54 mm. the hypural complex. 

Hy pur ate: There are two hypurals ventral and 
Caudal Osteology. two dorsal to the median line. In the second 

rr . , x . . ’ , . . . large hypural there is definite evidence of a divi- 

Urostyle: Thei anterior part of the urostyle is 8 j on 0 f this bone, for there remains a suggestion 
cone-shaped and its margin similar to the pos- 0 f a double base with a line extending from here 
tenor part of the penultimate centrum. The f or half the length of the hypural. In none of the 
reduced posterior tip of the urostyle is hidden Bermuda carangids has this second hypural a]v 

and consolidated with the base of the uroneurals. peared as two separate bones, even in the very 

The uroneurals protect the dorsal and posterior young of several species. This is the reason for 

part of the urostyle and the bases of the hypurals consistently designating this particular hypural 

abut its ventral and posterior surface. as a single bone. Its counterpart, the large 

Uroneurals: These paired bones are unlike hypural dorsal to the median line, has shown in 
those of the other species studied in this paper, several young specimens that it is formed by the 
For a complete interpretation a series of younger fusion of two separate bones, which gives a cri- 

specimens is needed. In this 54 mm. fish there tenon for calling this hypural three and four, 

are two pointed tips which form part of the In tliis specimen hypurals three and four are 

hypural margin. Each represents paired lateral distinct both anteriorly and posteriorly and only 
bones, the bases of which partly overlap the a small area in the center has fused beyond iden- 
urostyle and the fifth hypural. The anterior tity of the two separate bones. The fifth and 
dorsal uroneural extends from above the anterior most dorsal hypural is similar in size at its distal 
margin of the urostyle where it is deep and wing- extremity to the first hypural and balances this 
shaped and where bases of the epurals are inserted bone in its position in the hypural fan. Its 
between its lateral bones. It extends posteriorly length, however, is less and the median end di- 
and dorsally and diminishes into a slender bone minishes to a wedge-shaped tip. 
with a pointed distal tip. The second uroneural Epurals: There are three epurals, which is also 
is similar distally but it arises immediately on true of Trachinotus palometa. But in the species 
the anterior part of the urostyle centrum. It of this description the epurals appear more 
overlaps the base and dorsal surface of the fifth separate and individual than in Trachinotus 
hypural for all but the distal tip end. A broad, palometa, which is a larger and older specimen, 
thin, paired bone covers part of the anterior In this 54 mm. Trachinotus goodei the first or 
half of the uroneurals and the fifth hypural. In anterior epural is the largest, the second inter- 
our specimen of Trachinotus palometa of 119 mm. mediate and the third, or posterior, the smallest, 
in length, only one pair of uroneurals can be This is true of both their lengths and widths, 
found if the second pointed tip is to be interpreted The ventral ends are inserted between the lateral 
as the fifth hypural. A series of young specimens bones of the uroneurals. This is not so in the 
is necessary in the case of both species to inter- other species. 
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6. Argyretosus vomer (Linnaeus). 

(Text-figures 12,13). 

Diagnostic Characters: 

The caudal skeleton is conspicuously deeper 
and relatively shorter than any of the other 
species treated. 

3 anterior caudal haemal spines with triangular 
projections on the anterior surface at mid- 

3 short posterior neural and haemal spines 
stout and club-like. 

Material Studied. 

This description is from a study of three speci¬ 
mens presented by the American Museum of 
Natural History Cat. No. 14,184 from Pom¬ 
pano, Florida; KOH Cat. No. 2321, length 18 
mm. Cat. No. 12,505 from Mastic, L. I.; KOH 
Cat. No. 2322, length 45 mm. Cat. No 13,583 
from Rio de Janeiro; KOH Cat. No. 2323, length 
140 mm. 

Caudal Osteology . 

Urostyle: In the adult specimen of 140 mm. in 
length the posterior end of the urostyle is con¬ 
solidated with the dorsal bones and cannot be 
distinguished. 

In our young specimen of 18 min the urostyle 
extends dorsally to the hypural margin. An¬ 
teriorly, the urostyle is almost a perfect half 


centrum but at the base of the second hypural it 
turns abruptly and extends in an oblique-dorsal 
direction and becomes a slender tapering rod. 
At the basal tip of the fifth hypural a mark ap- 
p>ears which indicates consolidation in this youth¬ 
ful stage of the urostyle. The bases of all of the 
hypurals are separate from the urostyle with the 
exception of the fifth hypural whose anterior 
surface is in conjunction with the urostyle. 

Uroneurals: There is a single pair of uroneurals 
which are more distinct in the 18 mm. specimen 
than in the two older stages. In the smallest 
fish the anterior part is already enlarged and 
fills the area dorsal to the urostyle but the spiool- 
shaped urostyle is distinct. In the largest speci¬ 
men the urostyle and the uroneurals have become 
one and there is only a suggestion of the urostyle 
as such. Both the anterior and the posterior 
portion of the uroneurals have increased in pro- 

E ortions Distally, the uroneurals and fifth 

ypural have fused and there is only a suggestion 
of the hypural which in the 18 mm. specimen 
was a distinct bone. 

Hypurals: In the adult specimen there are 
lour hypural bones, two below and two above 
the median line. In the 18 mm. fish it is clear 
that the large hypural dorsal to the median line 
is the result of the fusion of two bones. Truly 
young specimens would undoubtedly show this 
as they have in several other species in this papier. 
The dorsal, or fifth hypural, is distinct in the 18 
mm. specimen but in the 140 mm fish it has be- 



Text-figuie 12. 

Argyretosus vomer. Tail of 140 mm. specimen. The bones of this deepi-bodied fish are con 
spicuously stoitt and the centra less elongate than in the other species, x 3.23 
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Text-hguu 1.3 

Argyrelosus vomer. Tail of IS mm spec mien showing the posteuoi end of the uiostvle, the 
uioneurals and the fifth hyptnal These aie not distinct m the 140 mm fish 1 he re is a hint of 
the division of the .3rd and 4th h\purals X 25 2 


come one with the uroncuials r l h< fust I 13 puial 
is not ab massive as the corresponding bone 111 
the adult, and there is a conspicuous large hole 
in the base or arch area This is present in most 
of the neural and haemal bases but m the largest 
specimen the holes have disappeared m the three 
posterior processes and become smaller in the 
preceding arch bases 

Epvrals There are two epurals In the IS mm 
seamen their shape in general is similar with the 
exception of the anterior projection on the first 
bone, which 1 * a growth character In no respect 
do these two bones resemble one another m the 
140 mm sfiecmien The anterior projection from 
the base of the first epural has become solid and 
massive and fills the area above the reduced 
neural process of the penultimate centrum The 
rod-like form of the young specimen has disap¬ 
peared entirely The second or posterior epural 
has changed v ers little from that of the young 
stage Tne \entral ends of both epurals m all 
three stages are inserted between the lateral 
bones of tne uroncuials 

Additional CharaUtr x W 01 thy of Note As is 
typical of this deep bodied species, the mter- 
neural and mterhaemal spines are massive m the 
adult specimen In each there is a central shaft 
which is heavily ossified and has lateral projec¬ 
tions on the horizontal part In the smallest 
specimen there is the beginning development of 


this projection and all other parts ol these bones 
are only slightly ossified Scv eral antenor caudal 
haemal spines aie unique in development as com¬ 
pared with the other Bermuda Carangidae The 
first and second are usually stout and at mid¬ 
length their surfaces abut The tluree following 
haemal spines are also stout and have on their 
antenor sides heavy triangular projections 
These are present m all thiee stages This is 
lllustiated m the Kev (Te\t-hg 5) 

6 Trachurops trumenophthalma (Bloch) 
(Text-figure 14) 

Diagnostic ( hanuteis 

The posterior group of two mterneurals and 
two mterhaemalb associated w ith the fourth 
vertebia from the urostyie. 

The haemal processes of several piecaudal 
centra are crescent-shaped and the spines 
arise on the anterior half of the centra 

Matnial Studied 

Thiee specimens were used for tins description 
and all were caught m Bermuda Cat. No 9,140, 
KOI1 Cat No 615 Cat No 9,140, KOH Cat. 
No 614, length 115 mm Cat No. 25,147, KOH 
Cat No 1135, length 108 mm 
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Caudal Osteology. 

Urostyle: In all specimens studied the posterior 
end of the urostyle is embedded in the terminal 
bones. The bases of the uroneurals and the 
hypurals surround this area. The anterior part 
of the urostyle is almost a perfect half centrum in 
shape and size. The dorsal surface is covered by 
the heavy uroneurals and the ventral surface by 
the base of the first hypural. 

Uroneurals: There appears to be but a single 
pair of uroneurals. In our adult specimens these 
paired bones are massive and extend obliquely 
backward and dorsally from above the anterior 
part of the urostyle to the distal margin of the 
hypurals. In the anterior area a small portion 
of the ventral ends of the epurals are wedged l>e- 
tween the lateral bones of the uroneurals. The 
oblique distal part probably represents the fifth 
hypural fused with the uroneurals. Our material 
is too advanced in development to illustrate this 
fact, which is found in the young specimens of 
the closely related genera. 

Hypurals: Our material shows two hypurals 
ventral to and two dorsal to the median line. 
The central bones are large and fan-shaped, which 
is characteristic of this family. Young specimens 
would undoubtedly show that the large dorsal 
hypural was formed by the fusion of two bones 
and also that the fifth hypural was separate. In 
these adult specimens the fifth hypural is fused 
with the uroneurals and not distinguishable from 
them On the basis of repeated evidence in the 
\oung of several closely related genera the hy¬ 
purals are considered as five, which is seen in the 
Text-figure 14. 

Epurals: The two epurals fill the area above 
the penultimate centrum and the urostyle. The 
long projection of the first epural extends an¬ 
teriorly above the reduced neural process of the 
penultimate centrum. The base is inserted be¬ 
tween the uroneurals. The second or posterior 


epural is long and slender and slightly enlarged 
at the ventral end, which lies between the uro- 
neurals. 

7. Chloroscotnbrus chrysurus (Linnaeus). 

(Text-figures 16-18). 

Diagnostic Characters: 

26 or 27 interhaemals in the caudal region. 

6 interhaemals between the first and second 
anterior caudal haemal spines. 

Material Studied. 

The following description is based on seven 
specimens taken in Haiti. Cat. No. 6,842, KOH 
Cat. No. 2317, lengths 100 mm. and 80 mm. 
Cat. No. 7,183, KOH Cat. No. 2318, lengths 
15, 10, 7.5, 6.5, 6 mm. 

Caudal Osteology. 

Urostyle: Four stages of development were 
found in specimens of 6 mm., 10 mm., 15 mm., 
and 100 mm. in length. In the largest fish, 
which is fully ossified, the posterior end of the 
urostyle is completely hidden by the overlapping 
uroneurals and hypurals. As in the other 
Bermuda Carangidae the anterior part of the 
urostyle is almost a complete half centrum and 
is similar in proportions to the adjacent part of 
the preceding centrum. In the 6 mm. specimen 
the urostyle is a long, slender, rod-like structure 
which extends from the posterior margin of the 
penultimate centrum to the distal margin of the 
hypurals. Anteriorly, the proportions are similar 
to the adjacent part of the preceding centrum. 
The urostyle extends posteriorly in an oblique 
and dorsai direction, tapering to about one-half 
the depth. The ossification is delicate through¬ 
out and ends midway between the bases of the 
fourth and fifth hypurals. A cartilaginous rod 



Text-figure 14. 

Trachurops crumenophthalma. Tail of 116 mm. specimen showing two interneurals and 
two interhaemals associated with the 4th and 5th vertebrae from the urostyle. X 11.65. 
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Text-figure 15. 

Chloroscombrus chrysurus. Tail of 100 mm. specimen showing the 3rd and 4th hypurals 
fused and the 5th liypural united with the uroneurals. X 33.3. 

extends from here and disappears in the bases of fifth hypural in the largest specimen. The three* 
the caudal rays. In the 10 mm. specimen ossi- younger stages show clearly the development of 

fication is more pronounced and the posterior the uroneurals. In the 0 mm. specimen this 

dorsal end is seen at the center of the base of the paired bone extends dorsally above the urostyle 

fourth hypural. Anteriorly, the shape has begun from the region of the second hypural to the 

to resemble that of the adult. The 15 mm. margin of the hypurals. It is long and slender 

specimen shows still greater ossification and con- and the anterior end is slightly larger than the 
solidation. posterior tip. It is of importance to note the 

Uronmrals: There is a single pair of uroneurals, relation of this bone to the others and its indo- 

which in the adult is indicated only at the distal pendent position, which is found only in the \ or} 
end. These bones have become fused with the young stages. 



Text-figure 16, 

Chloroscombrus chrysurus. Tail of 6 mm. specimen which is partly ossified. There are 
no intemeurals or interhaemals or epurals. The 3rd, 4th and 5th hypurals and the uroneurals are 
separate bones. The urostyle extends into the hypural margin. X 104. 
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Chloroscombrus chrysurus. Taii of 10 mm. specimen showing increased ossification. The 
centra are spool-shaped and the cpurals, uroneurals and base of the mterneural and interhaemal 
spines have appeared. The 3rd and 4th hypurals have J>egun to fuse and the uroneurals abut the 
fifth hypural. X 83. 


In the 10 mm. specimen the uroneurals have 
increased anteriorly both in depth and length 
and almost reach the anterior margin of the uro- 
^tyle. The shape ol this end has changed from 
a blunt rounded tip to a deeper indented form. 
The posterior part is reduced and the distal end 
appears in conjunction with almost half the 
proximal length of the fifth hypural. In this 
region the uroneurals have grown over the uro¬ 
style. The anterior part is still separate from the 
urostyle. 

In the 15 mm. specimen the uroneurals re¬ 
semble the structure of the adult more than the 
10 mm. specimen, and the shape and proportions 
are similar. The base of the uroneurals has fused 
with the dorsal surface of the urostyle and in 
only one place is there any indication of the 
youthful stage where all the under part of this 
bone was entirely separata. There still remains 
two perforations or unossified areas. The ante¬ 
rior part of the uroneurals abut the reduced neural 
process of the penultimate centrum and extend 
dorsally almost to the distal margin of the fifth 
hypural. In this stage the uroneurals have be¬ 
come entirely consolidated with the dorsal surface 
of this fifth hypural. 

Hypurals: In the adult 100 mm. specimen 
there are two hypurals below and two above the 
median line. The first and fifth hypurals are the 
same size distally and flank the ventral and dorsal 


part of the hypural fan. Two large hypurals 
form the central part of the hypural complex; one 
below and one above the median line. From a 
study of the young specimens it is certain that 
the large dorsal hypural is formed by the fusion 
of two bones and that the fifth hypural has fused 
with the uroneurals. 

In the 6 mm. specimen, which is the youngest 
stage available for study of the Bermuda Caran- 
gidae, there are five distinct hypural bones. The 
first, or anterior bone, is long and slender and 
slightly enlarged at the median base. This base, 
which is the haemal arch, develops rapidly in 
the 10 ram. and 15 mm. stages. In the smaller 
fish a square, wing-like growth projects ante¬ 
riorly and abuts the haemal process of the pre¬ 
ceding centrum and there is a large hole or 
unossified area in the center of this growth. In 
this stage the lateral ridge, for the muscle attach¬ 
ment, is a small triangular projection from the 
base and overlaps slightly the base of the second 
hypural. In the 10 mm. specimen this ridge has 
more than doubled in size and proportion. 

The first hypural of the 15 mm. specimen 
resembles the corresponding bone of the adult 
fish with the exception of the density of ossifica¬ 
tion, and extent of development of the muscle 
attachment process, and proximity to the ventral 
surface of the urostyle. There is still considerable 
space between the haemal arch and the urostyle, 
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which entirely disappears in the adult specimen* 
This is also true of the preceding haemal arches. 

The second hypural changes less in shaj>e and 
proportions than any of the other hypural bones. 
In the 6 mm. specimen the base is divided into 
two by a long oval slit which extends for about 
one-quarter the length of the bone. In the 10 
mm. specimen the two bases have fused but a 
small oval hole remains. In the 15 mm. fish 
there is no indication of either the two bases or 
the slit of the younger stages. The third and 


form part of the caudal margin. In the 15 mm. 
specimen the degree of ossification is identical 
with the other caudal bones. The sliape of both 
epurals is similar to that of the adult, and the 
median ends are inserted between the uroneurals, 
which is also an adult character. 

Additional Characters Worthy of Note: The 
illustrations show the increase in ossification 
with age and also the change in shape and pro¬ 
portions of all of the caudal bones. In the 6 mm. 
specimen there is no evidence of epurals, intcr- 



Text-figure 18. 

Chloroscombrus chrysurus. Tail 
of 15 mm. specimen. The posterior 
end of the urostyle is reduced and the 
distal portion of the uroneurals flank 
the side of the 5th hypural. In the 
100 mm. specimen these two bones have 
fused. X 42. 


fourth hypurals arc separate bones in the young¬ 
est stage and in the JO mm. si>ecimen their 
distal margin has fused and the space between 
become less. The 15 mm. fish still has two bases 
which represent the two separate bones of the 
younger stage but the slit between has diminished 
by more than half its former length. In the J00 
mm. specimen there is no trace of a slit or double 
base. The fifth hypural appears as a very small 
wedge-shaped l»one between the distal end of the 
urostyle and the fourth hypural. Its growth and 
development from this stage to the adult is 
remarkable and without several very young 
specimens this hypural would not be identified 
as an hypural bone. In the youngest stage this 
l>one is entirely separate from the surrounding 
structures. In the 10 mm. fish the bone has in¬ 
creased in length and depth and about one-half 
of its anterior length abuts the uroneurals on the 
dorsal surface. In the 15 mm. sj>ecimen the 
length is greatly increased and all but a small 
part of the dorsal end is in conjunction with the 
uroneurals. The adult specimen of 100 mm. 
shows that the fifth hypural and the uroneurals 
have fused and all that remains of their separate 
identity is a light line at the distal extremity. 

Epurals: There are two epurals in this species. 
Neither of these bones can l>e found in the 6 mm. 
fish. In the 10 mm. specimen these epurals 
appear with delicate ossification and as long 
slender bones. The anterior epural is longer and 
broader than the second one and has the be¬ 
ginning of the anterior projection near the median 
end, JBoth bones are free and their distal tips 


neurals and interhaemalb. The centra are 
rectangular in shape with considerable distance 
between their margins. In the 10 mm. specimen 
the spool-shape of the centra begins to change 
and to resemble the adult. The epurals are 
lightly ossified and also the interneurals and 
interhaemals. The zygapophyses are present on 
the dorsal and ventral surfaces of the centra. 
With the consolidation from a long rectangular 
structure to a shorter spool-shaped centra the 
neural and haemal processes appear to shift 
from their youthful anterior position to a central 
position. The three reduced posterior neural 
and haemal spines of the adult are simple and 
unmodified in the 0 mm. and 10 mm. specimens. 

8. Caranx ruber (Bloch). 

(Text-figure 19). 

9. Caranx bartholomaei Cuvier <fc Valenciennes 
Diagnostic Characters (both species): 

Total of 24 interhaemals in the caudal region. 

Total of 22 interneurals in the caudal region. 

4 interhaemals lietween the first and second 
anterior caudal haemal spines. 

3 interneurals and 3 interhaemals in posterior 
group in three specimens. The oblique part 
more slender than in the two following 
species 

Minor species differences cited in Key and in 
text. 
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Material Studied. 

Caranx ruber; one specimen taken in Haiti. 
Cat. No. 7,016, KOII Cat. No. 2320, length 160 
mm. 

Caranx bartholomaci; two specimens caught in 
Bermuda. Cat. No. 25,057, KOH Cat. No. 1074, 
length 50 mm. Cat. No. 25,065, KOH Cat. No. 
1073, length 52 mm. 

Caudal Osteology. 

Urostyle: The reduced terminal end is hidden 
in both species by the heavy uroneurals on the 
dorsal and the base of the hypurals on the ventral 
surface. No small specimens are available to 
show the development. The anterior part is 
cone-shaped and of the same proportions as the 
posterior half of the penultimate centrum. The 
dorsal surface is covered by the uroneurals and 
the ventral by the first hypural in Caranx ruber 
(Text-fig. 19). In Caranx bartholomaci, which 
is one-third the length, the base of the first 
hypural is still separate from the ventral surface 
of the urostyle. 

Uroneurals: In the 50 mm. sj>ecimen of Caranx 
bartholomaei there is indication of one pair of 
uroneurals. At the distal end the line of junction 
between the uroneurals and the fifth hypural 
still remains. There is no evidence of this in 
the 160 mm. specimen of Caranx ruber. In this 
s]>ecies the two bones have fused. 

Hypurals: In both species there are two hy¬ 
purals which are ventral to and dorsal to the 
median line. Their positions and proportions 
are similar in the corresponding bones. Because 
of facts presented by several young stages in 
closely related genera in this family, the hypural 
lxmes of these species are numbered 1 to 5 in the 
illustration. 

Epurals: There are two epurals in both species 
and the corresponding bones are similar in shape 


and {)osition. In the distal dorsal portion of the 
smaller Caranx bartholomaei the epurals are more 
slender. This has been found to be an age 
character in other genera. 

Additional Characters Worthy of Note: In 
Caranx ruber the posterior neural zygapophyses 
have hook-like projections on the dorsal surface. 
This is shown in the anterior vertebra in the 
illustration. The development is especially 
prominent in the central caudal area. In Caranx 
bartholomaei the dorsal surfaces of the corre¬ 
sponding zygapophyses are smooth. There is 
also a difference in the development of the 
anterior neural zygapophyses of the two species. 
In Caranx ruber the surfaces are jagged and 
notched, especially in the central caudal area, 
but this is not true in Caranx bartholomaei. In 
a detailed study of the two species many minor 
differences such as these distinguish each as a 
different species. 

10. Caranx crysos (Mitchill). 

11. Caranx tatus Agassiz. 

(Text-figure 20). 

Diagnostic Character's (both species): 

Total of 17 to 20 interlmemals in the caudal 
region. 

Total of 15 to 18 interneurais in the caudal 
region. 

3 interhaemals between the first and second 
anterior caudal haemal spines. 

2 interneurais and 2 or 3 interhaemals in the 
posterior group in the five sj>ecimens studied. 
The oblique part broader than in the two 
preceding species. 

Minor species differences are cited in the Key 
and in the text. 



Text-figure 19. 

Caranx ruber. Tail of 160 mm. specimen. This figure represents both this species and 
Caranx bartholomaei which in gross structure are similar. X 2.74. 




KEY TO CAUDAL SKELETON OF BERMUDA SHALLOW WATER CARANGID FISHES. 

(Text-figs. 1 6). 
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Description of an Egg of the Long-tailed Bird of Paradise. 

Lee S. Crandall 


Plate I. 


On June 10, 1937, a pair of Long-tailed Birds 
of Paradise, Epimach ax meyeri meycri Finsch, 
collected by F. Shaw Mayer “near the head of 
the Waria,” were received at the Zoological 
Park. During following years, frequent displays 
of the male were noted but as this is a common 
practice in the group and there was no evidence 
of nesting activity, we expected no further re¬ 
sult. However, the female was noticed in coma¬ 
tose condition on the afternoon of February 28, 
1941, and on examination was found to be egg- 
bound She responded well to treatment and 
the egg was safely laid about two hours later. 


Since the egg of this species apjiears to l>e 
undescribod, the following notes are given. 

The egg measures 44.25 X 28.5 mm. Its 
weight was 18.9 grams or approximately .62 
ounces. The ground color is buff (close to Cart¬ 
ridge Buff of Ridgway). It is heavily blotched 
and streaked at the large end, the markings 
decreasing toward the small end, which is almost 
clear. The under markings are grayish (close to 
Pale Mouse Gray of Ridgway) while those on 
the surface are reddish-brown (near Russet of 
Ridgway) 
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EXPLANATION OF THE PLATE. 

Plate L 

Fig. 1. Egg of Epimachus ineyeri mcyeri Finsch. 
Actual size. 



CRANDALL 


PLATE I 



FIG 1 

DESCRIPTION OF AN EGG OF THE LONG TAILED BIRD OF PARADISE 
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On the Uterine Young of Dasyatis sabinus (Le Sueur) 
and Dasyatis hastatus (De Kay). 


M. Brkder, Jr. & Louis A. Krumholz 

Now York Aquarium and Unmrxify of Illinois. 


^Text^figures 1 & 2). 


The small sting ray, Dasyatis (Ampkotistius) 
sabinus (Le Sueur) is abundant along the weRt 
coast of Florida in the vicinity of the field station 
of the New York Aquarium on Palmetto Key. 
Here mature gravid females may be found at sizes 
not greatly exceeding those of the relatively new* 
bom young of the much larger Dasyatis hastatus 
(De Kay). 

Apparently there is a dearth of material in 
the literature concerning the size of gravid fe¬ 
males, the number of young per individual and 
the sex ratios of the young. The catches of the 
stop-netters operating in Bull's Bay (Cara 
Pelau on the northern aide of Charlotte Harbor 
on the U, S. coastal charts) provided the data 
of the accompanying tables, except as noted. 
The 1930 material was collected by M. B. 
Bishop of Peabody Museum, Yale University. 

The sizes of some of the gravid females of 
D. sabinus did not greatly exceed those of the 
new-born young of 1). hastatus taken on June 29. 
These latter ranged from 160 to 176 mm. in 
length, while one not quite mature male of the 
former was only 174 mm. long. Three full-term 
embryos taken from one female 1). sabinus 
varied in length from 99 to 100 mm. 

It can be seen that there is a steady increase 
in size of the embryos of D. sabinus from a mean 
of 35.8 mm. on June 19 to a mean of 99.6 on 
July 11. Also, there was no overlapping of the 
means and extremes on the various dates. If 
this can be taken to indicate the growth rate, 
on so few data, it is remarkably rapid. 

If the length of the disc (from the tip of the 
snout to the posterior border of the disc) is com¬ 
pared with the width, it is seen that the two 
dimensions are nearly equal. Moreover, this 
relationship holds from the smallest embryos 
obtained through to the adult (Text-fig. 1), 
clearly showing it to be a straight line relation¬ 
ship. D. hastatus f which is a little wider than 
long, has a similar straight line relationship, but 
is not so close to a 45° angle. This is clearly a 


most unusually constant growth rate for which 
there is no superficial explanation at this time. 
It is not of importance in intra-uterine life nor 
can it be in post-uterine life when the extremely 
different relationships of various other species of 
rays, otherwise much alike, are taken into con¬ 
sideration. The growth relationship of these is 
so constant that it might be simulated to flap- 
jack batter spreading out on a pan. Except in 
the early embryos, this relationship is sufficient 
to separate these two species which so closely 
resemble each other. Text-fig. 1 also indicates 
the relative sizes of the adults and also the size 
of the young at delivery. 

A full-term young of each species is illustrated 
in Text-fig. 2 for purposes of comparison. The 
general shape and the presence of the keel on the 
tail of D. hastatus make separation simple. The 
folding in of the tail, at its origin from the body, 
in D. hastatus as compared with the flaring out 
in 1). sabinus is another characteristic. 

It was not always possible to identify each 
young fish with its mother. I>ecau8c in capture 
some of the females aborted, resulting in a mix¬ 
ture of mothers and young. These young, even 
though the yolk sac was still hanging outside 
the l)ody, were able to swim around actively 
when placed in an aquarium. To avoid possible 
mistakes and confusion, the young have been 
considered in groups as taken. The material 
did show a variation in numbers of young from 
one to three in D. sabinus and from two to five 
for D. hastatus. On June 19, 1940, there was one 
gravid D. sabinus which carried but one embryo. 
This embryo was nearly twice the size of the 
others taken on the same date. However, on 
June 28, 1940, we took another female which 
carried but one embryo and this was very nearly 
the same size as others taken on the following 
day. 

The sex ratios of all the embryos of D . sabinus 
combined (25) showed 56% to be male. How¬ 
ever, one mother carried three female embryos. 
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Table I. 


Size and Sex of Dasyatis Embryos. 

Dasyatis sabinus. 



Disc in 

mm. 



Female 



Male 


All 

Date 

Length Width 

Sex 

Max. 

Mean 

Min. 

Max. 

Mean 

Min. 

Mean 

4/9/39 

Captiva Pass 

55 

49 

55 

48 

m) 

f) 

49 

49 

49 

55 

55 

55 

52 

6/19/40 

30 

29 

f 









33 

32 

1 









33 

30 

f 









50 

53 

f 









33 

30 

m 

50 

38.5 

30 

33 

33 

33 

35.8 

6/28/40 

78 

81 

m 

-- 

— 

— 

78 

78 

78 

78 

6/29/40 

71 

72 

f 









74 

77 

f 









82 

81 

f 









83 

87 

f 









68 

69 

m 









69 

67 

in 









70 

71 

m 









70 

73 

m 









70 

74 

m 









71 

72 

m 









71 

74 

m 









74 

75 

in 









75 

76 

m 









77 

79 

m 









79 

81 

m 









79 

81 

m 

83 

77 7 

71 

79 

72 9 

68 

75 2 

7/11/40 

99 

99 

f 








East side of Useppa Island 

99 

99 

f 








100 

101 

f 

100 

99 6 

99 

- 

— 


99 6 



Dasyatis hastatus. 






4/9/39 

76 

83 

f 








Captiva Pass 

75 

83 

1 

76 

75 5 

75 




75 5 

4/10/39 

97 

102 

m 








Captiva Pass 

95 

101 

i 

97 

97 

97 

95 

95 

95 

96 

6/24/40 

85 

87 

f 









82 

88 

f 









86 

87 

m 









85 

89 

in 

82 

82 

82 

85 

85 

85 

83 5 

6/29/40 

172 

193 

f 









176 

197 

f 









160 

189 

in 









170 

192 

in 









168 

195 

m 

176 

174 

172 

170 

166 

160 

169 2 


The relatively few young of D. hast at us (9) females averaged 3 25 per mother. These latter 

showed 55.5% to be male. Since there were in are much larger in relation to the size of the 

all 12 gravid D. sabinus and 25 embryos, they young they liberate; the difference in number 

averaged 2.08 per mother. The four D . hastatus seems to be purely mechanical. 
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Date 

0/19/40 


Length to notch 


6/28/40 

6/30/40 


7/11 40 


6/24^40 

6/29/40 

Unlabeled 


Breder & Krumhola: On the Uterine Young of Dasyatis sabinus 
Table II. 

Size and Sex of Dasyatis Adults. 

Dasyatis sabintis. 


Length Width Sex 


[201 

— 

f 

not gravid 


202 

- 

f 

not gravid 


214 

— 

f 

not gravid 


222 

223 

— 

f 

f 

gravid 

gravid 

>5 embryos 

244 

- 

f 

gravid 


247 


f 

not gravid 


262 

— 

f 

not gravid 


190 


m 


190 

— 

m 



199 


in 



213 


m 



218 


m 



234 

- 

in 



238 

245 

f 

gravid 

1 embryo 

174 

179 

m 

imm. 


— 

235 

f 

gravid 


- 

241 

f 

gravid 


243 

245 

f 

gravid 


- 

254 

f 

gravid 

16 embryos 

- 

260 

f 

gravid 

— 

286 

f 

gravid 


— 

286 

f 

gravid 


220 

224 

in 


- 

235 

in 



291 

297 

f 

gravid 

3 full term embryos (all females) 



Dasyatis hastatus. 


851 

984 

f 

gravid 

4 embryos 


Uirca 914 

1 

gravid 

5 embryos 

272 

310 

1 

not gravid 
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80 


160 240 320 

WIDTH OF DISC, MILL IMETERS 


400 


480 


Text-figure 1 

Comparison of length and width of disc m pre-natal and post-natal Dasyatto based on data m Tables I and If 
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Additional Social and Physiological Aspects of 
Respiratory Behavior in Small Tarpon. 


Arthur Shlaifer 

Niw York Aquarium <fc U. S. Fish & Wildlife Service, Woods Hole , Mass. 


Introduction. 

Tarpon, Tarpon atlaidicus (Cuv. & Val.), 
whose swimbladders contain considerable al¬ 
veolar tissue, periodically rise to the surface to 
breathe atmospheric oxygen despite their ex¬ 
tensive gill surfaces and the relatively high oxygen 
content of the waters they normally inhabit. 

The work reported here represents a continu¬ 
ation of the program of investigation with small 
tarpon begun by Shlaifer & Breder (1940). In 
this earlier work, which, incidentally, is the first 
experimental report on this fish, it was found, 
among other things, that the surface rise of a 
tarpon to gulp air may induce similar rises in 
others in a group. For instance, in a group of 
four in a 50-liter aquarium, in 70°/ ( of the cases 
a rise by one tarpon would induce a rise in one or 
more companions. It was shown that “coinci¬ 
dence” was not involved as a disturbing factor 
and that, apparently, a tarpon had to be in a 
“physiologically receptive” state by virtue of a 
depleted oxygen supply before such imitative 
rises could be induced. In preliminary experi¬ 
ments, some success was attained in inducing 
rises by means of a silver-painted carved wooden 
tarpon model manipulated so as to simulate the 
normal rise of this fish. In the present report 
“model” experiments were considerably ex¬ 
tended. 

Shlaifer & Breder (1940) found that while the 
locomotor activity of tarpon did not change 
when the oxygen content of the water was 
raised from 2.50 cc. per liter to 5.60 cc., the rate 
of surface (respiratory) rises to gulp air decreased 
markedly. As a continuation of this line of in¬ 
vestigation, experiments were jjerformed to de¬ 
termine the effect of waters of distinctly low 
oxygen content on locomotor activity and surface 
rises; also, survival time was determined for 
tarpon whose access to the surface and hence to 
atmospheric oxygen was cut off. 

The writer wishes to express his appreciation 
to Dr. C. M. Breder, Jr., of the New York 
Aquarium for the experimental animals and to 
the U, 8. Fish and Wildlife Service at whose 


Woods Hole laboratories the experiments were 
performed. 

The Induction of Imitative 
Respiratory Rises. 

As discussed above, it has been found 
(Shlaifer & Breder, 1940) that imitative surface 
rises in small tarpon may l>e induced by a ma¬ 
nipulated wooden model as well as by other 
tarpon. Models have been used with and with¬ 
out success in various lines of investigation on 
behavior in fishes. Thus, Lissmann (1932) 
found that the characteristic fighting reaction of 
the Siamese fighting fish, Betta splendens , is 
elicited by plasticine models or paintings of the 
fish. Noble (1934) working with the dwarf 
sunfish, Eupornolis gibbosus, and Breder (1936) 
with the sunfish, Leponiis avritvs , found that 
males would attempt to mate with a variety of 
objects irrespective of their general appearance 
provided they were manipulated so as to re¬ 
semble somewhat the actions of a female ready 
to spawn. On the other hand, Spooner (1931) 
found that the bass, Morone labrax , was not 
attracted by various rough models of itself. 
Breder Coates (1935), investigating the sex 
recognition of the guppy, Ldmtes rcticulatus. 
found that no reaction was given to carefully 
made models of female Lebisfes with or without 
movement. Finally, Shlaifer (1940) failed to 
obtain a reaction to sunfish models by goldfishes. 

Granted that a properly manipulated wooden 
model may induce imitative rises in tarpon, will 
other objects properly manipulated but differing 
appreciably from a tarpon in shape and color also 
induce rises and if so to what extent? Will a 
tarpon model or other objects be effective if 
manipulated so as to rise in a manner appreciably 
different from the normal one? In an attempt 
to answer these questions the experiments de¬ 
scribed below were performed. 

Materials and methods . The animals used in 
these and other experiments described in this 
paper were 10-12 cm,, presumably young, speci¬ 
mens sent from the collection at the New York 
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Aquarium but originally obtained along the 
Florida coast. They were kept in sea water and 
were fed chopi>ed herring three times a week. 
The experimental group in the model tests was 
composed of six tarpon placed in 40 liters of 
standing sea water in a 48-liter rectangular as¬ 
sembled aquarium with transparent glass sides, 
whose dimensions were. 55 cm. by 35 cm. and 25 
cm. deep. The water temperature range was 
19-22 degrees C. and the average oxygen content 
was 2,50 cc. per liter. 

Four different types of object, all 10 cm. in 
length, were used as “models” in the attempts 
to induce imitative rises in the experimental 
animals. These were: 1. A silver-painted carved 
wooden model of a tarpon having no fins or 
mouth but possessing an “eye” fashioned out of 
a thumbtack, 2. A white spatula. 3. A piece 
of red rubber tubing 1 cm. in diameter. 4. A 
solid glass rod 4 mm. in diameter. Two pieces of 
string were attached to these objects at opposite 
ends. The object to be tested was suspended 
horizontally in the experimental aquarium con¬ 
taining the six tarpon, next to the long side of 
the aquarium nearest the observer, at a distance 
of 3.5 cm. from the bottom, the level at which 
the tarpon in that situation generally swam. 
The observer, seated about two feet away from 
the aquarium and facing one long side, manipu¬ 
lated the object by means of the two strings. 
The normal air-gulping rise of a tarpon is a rapid 
movement lasting a little less than a second from 
the start of the rise to the return to the normal 
position. Usually the animal rises to the surface 
almost vertically. lu A of Table 1 this type of 
rise was simulated by properly manipulating the 
objects. In B of Table I the object or model was 
manipulated so as to produce a distinctly “ab¬ 
normal” rise. The object was raised to the sur¬ 
face parallel with it rather than at a right angle 
and the rise from beginning to end lasted two 
seconds. The data in Table I are listed in terms 
of successful attempts to induce rises in the 
tarpon by means of the manipulated objects. 
Each time the object is raised to the surface is 
considered an “attempt.” The attempt is con¬ 
sidered successful if within one second or less 
following the start of the rise of the model one 
or more tarpon rise to the surface. Rises by the 
h.shes two or three seconds after the object had 
risen might also have been imitative delayed 
reactions but were not considered. Indeed, such 
rises very rarely occurred. Either the fish would 
respond immediately or it would not rise for a 
minute or more. No effort was made to differ¬ 
entiate between induced imitative rises that in¬ 
volved varying numbers of tarpon. In fact, such 
differentiation is very difficult if not impossible 
since, except in rare cases in which two or more 
individuals arose at exactly the same time, one 
cannot determine whether the rise of the tarpon 
following very closely that of the first animal to 
rise is a response to the object or to the first 
tarpon. 

Observations were made within a ten-minute 
experimental period. Every second, fourth, 


sixth, eighth, and tenth minute on the minute 
the model was raised to the surface and the 
reaction noted. As a control, every first, third, 
fifth, seventh, and ninth minute on the minute 
an observation was made for rises of the tarpon 
uithout the manipulation of an object. Each 
observation, control land experimental, at the 
two minute interval lasted only one second. In 
general, observations were made during two con¬ 
secutive hours, or 12 experimental periods each 
day. 

Results. The data in A of Table I indicate 
that all four types of objects induce imitative 
rises whose statistical significance compared with 
the controls is very high. The average rise of a 
tarpon in the experimental aquarium was twice 
in ten minutes. In a group of six animals there 
would be at most twelve seconds of rising in 10 X 
00 or 000 seconds; thus, according to the laws of 
chance, rises of tarpon directly following those of 
models cannot very well 1* considered coinci¬ 
dental. It is seen that, of the four objects used, 
the wooden tarpon model is significantly most ef¬ 
fective and the red rubber tubing is second. The 
degree of success in inducing imitative rises is, 
however, sharply limited by the physiological 
state of the animal. As Shiaifer& Breder (1940) 
demonstrated, a tarpon will not respond imita- 
tively to the rise of another object, even if it be an¬ 
other normal tarpon, unless, by virtue of the fact 
that the oxygen obtained at the last gulp is dis¬ 
tinctly depleted, it is in a “physiologically recep¬ 
tive ” state which i^ermits a rising response. The 
induction of an imitative rise, then, depends on 
the reaching of a respiratory threshold by the 
reacting animal. This explains why even the 
wooden tarpon model enjoys only 48.3% success 
in inducing rises. The experimental animals 
may rise either singly or imitatively in groups 
just before the model is raised to the surface. 
If so, even raising the object consecutively three 
times or more will produce no response. 

The data in B of Table 1 demonstrate that 
objects manipulated so as to rise in an “abnor¬ 
mal ” way induce few imitative rises. Comparison 
with the controls indicates no statistical signifi¬ 
cance. 

Suri ace Rises in Blinded Takpon. 

That the induction of imitative rises in small 
tarpon is a visual affair was demonstrated by 
Shlaifer & Breder (1940). It was found that the 
rise of a tarpon on one side of a transparent glass 
plate bisecting an aquarium could induce a rise 
in others on the opposite side. 

Carrying this a step further, four tarpon were 
blinded by piercing the cornea. Blindness was 
ascertained by appropriate tests. Several days 
were allowed for recovery from the operation. 
Subsequently, the animals were grouped together 
in 40 liters of standing sea water (oxygen con¬ 
tent—2.50 cc. per liter) in a 48-liter aquarium 
whose dimensions have been listed above. 

In the course of several hours of observation 
no imitative rises occurred. The tarpon rose 
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Table I. 


The Induction of Imitative Surface Rises in Small Tarpon by Various Objects. 


A. Object manipulated so as to simulate a normal surface 
I Silver II III 

rise. 

IV 

V 

Type of Model 

Wooden 

Tarpon 

White 

Spatula 

Red Rubber 
Tubing 

Glass 

Rod 

Control 2 

Total Number of Attempts 1 

176 

181 

176 

170 

703 

Number of Successful Attempts 

85 

52 

62 

35 

12 

% of Successful Attempts 

48.3 

28.7 

35.2 

20.6 

1.7 


1 Object is raised to surface for one second every two minutes in a 10-minute observation period in an attempt 
to induce a rise in the eroerimental tarpon in the aquarium. 

1 Observation made for one second every two minutes in the 10-minute period for rises by tarpon without manipu¬ 
lation of objects. 

Statistical significances (number of successful attempts).* 

I vs. II—.0096 I vs. Ill—.0210 I vs. IV—.0013 II vs. Ill—.4370 

II vs. IV-.2898 III vs. IV—.0210 I, II, III, IV vb. V—.0000 

* Upper limit of statistical significance is set at 0.05. This is three times the probable error. 0.01 indicates good 
significance while a value of 0.100 or more indicates little significance. (“Student/’ 1925.) 


B. Manipulation of object does not simulate a normal rise.f 

I Silver II III IV 

V 

Type of Model 

Wooden 

Tarpon 

White 

Spatula 

Bed Rubber 
Tubing 

Glass 

Rod 

Control 2 

Total Number of Attempts 1 

65 

65 

65 

65 

260 

Number of Successful Attempts 

5 

5 

1 

2 

6 

% of Successful Attempts 

7.7 

7.7 

1.5 

3.1 

2.3 


t Object is raised to surface slo^l.v and parallel with the surface. 

1 See 1 above 
" See « »1k>vo. 

Statistical significances (number of successful attempts;. 

T vs. II—None I vs. Ill—.3342 I vs. IV—.4954 I vs. V—.1832 II vs. V—.2146 

II vs. Ill—.3834 II vs. IV—.4370 III vs. IV—.5580 III vs. V—.5580 IV vs. V—.5580 

I (A) vs. I (B)—.0000 II (A) vs. II (B)—.0000 III (A) vs. Ill (B) -.0000 

IV (A) vs. IV (B)—.0000 V (A) vs. V (B)-.4954 


individually at the same rate as did the normal 
animals, once every five minutes. Thus, it is 
apparent that in the absence of vision no imi¬ 
tative rise will occur; possible response to pres¬ 
sure stimuli does not obtain. The normal rate 
and type of surface rises in these blinded forms 
indicates that this pattern of behavior is not 
dependent on vision for its proper execution 
though imitative response by one fish to another 
is. 

liOCOMOfOH AND RhbPIHATOHY ACTIVITY IN 

Watehs of Low Oxygen Content. 

In previous experiments (Shlaifer & Breder, 
1940) it was found that when the oxygen content 
of the water was increased from 2.50 ce. to 
5.60 cc. per liter, the rate of respiratory activity 
(surface rises) decreased significantly though the 
locomotor activity remained the same. It be¬ 
comes desirable, therefore, to determine the 
respiratory activity and, to a minor extent, the 
locomotor activity at very low oxygen levels. 
Small tarpon, incidentally, are relatively hardy 
forms and are adaptable to a variety of situations. 
They endure handling in the laboratory remark¬ 
ably well and would be excellent laboratory 
material for many lines of research were they to 
be found more frequently and in greater abund¬ 
ance. They may be found both in the sea and in 
land-locked pools which are brackish or fresh¬ 


water. Some of these pools have relatively little 
dissolved oxygen but the tarpon survive. 

Materials and methods. Tarpon were placed 
in isolation in 7 liters of standing sea water in 
8-liter rectangular battery jars whose dimensions 
were 20.5 cm. by 18 cm. and 21 cm. deep at the 
7-liter mark. The water temperature range was 
19-22 degrees C. The rates of surface rises and 
locomotor activity were determined for 15-minute 
periods. The rate of locomotor activity was 
determined by an observational technique which 
is fully described elsewhere (Shlaifer, 1938). 
Briefly, 3-cm. squares were ruled in red India 
ink on all four vertical sides of the rectangular 
battery jar. Using the eye of the tarpon as an 
anatomical landmark, the number of squares, 
actually cubes when projected in space, traversed 
in a 15-minute period was multiplied by 3 to 
give the results in centimeters. Since this tech¬ 
nique is not as accurate as the simple observation 
of surface rises and since the experimental vessels, 
considering the size of the tarpon, were quite 
small and thus limited activity, the rate of surface 
rises in this set of experiments may be considered 
the more important feature. Oxygen content 
was determined by means of the permanganate 
modification of the Winkler method. 

Rrndts. Conparing the data in Table II 
with the results of Snlaifer & Breder (1940), it 
is seen that at the lower oxygen content the rate 
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of respiratory rises increases significantly and ously listed. In the first four experiments 

the centimeters traversed per rise decreases, standing sea water was used; in the fifth, sixth, 

The significantly lower rate of locomotor activity and seventh, running sea water. In all cases the 

at the lower oxygen level may be due primarily battery jars were filled to capacity. In the 

to the distinctly smaller vessel in which the standing water series, a fine wire screen cut so as 

tarpon were kept in these experiments rather to insure a tight fit was placed inside the battery 

than to the low oxygen content. As previously jar at the 7-liter mark and in Expts. 5-7 a 

mentioned, Shlaifer & Breder (1940) found that similarly tight-fitting wooden screen was placed 

while raising the oxygen content from 2.50 to at the same level. In each test the experimental 

5.60 cc. per liter in the same aquarium reduced tarpon was allowed a 48-hour period of acciima- 

the rate of respiratory rises it did not affect tization in the battery jar with access to the 

activity. At any rate, the number of surface surface. At the end of that time the screen was 

rises increases at the lower oxygen content de- put in place and the time and oxygen content 

spite the decreased activity. noted. Each battery jar contained only one 

Table II. 

The Locomotor Activity and Respiratory Rises of Small 
Tarpon in Waters of Low Oxygen Content. 

Mean Oxygen Mean Locomotor Mean Respira- Mean cm. per 
Content cc./liler Activity 1 tory Hines 3 Rise 

A. This set of Exi>eriinenth 1.02 304.0 3 6 84.4 

B. Shlaifer & Breder (1940)* 2 40 480.0 2.9 165.5 

1 Expressed In centimeters traversed per fish per 15-minule period of observation. Figure given is the mean of 
80 such periods. 

* Expressed in surface rises per fish per 15-minute period of observation. Figure given Is the mean of 80 such 
periods. 

* Based on Table I (Al), Shlaifer & Breder (1040). Figures given are for an isolated tarpon in 48 liters of sea 
water in a 60-liter aquarium. Figures for locomotor activity and respiratory rises represent the mean of 48 15-minute 
observation periods. 

Statistical Significances (A vs. B) 

Locomotor Activity: .0003 

Respiratery Rises: .007 

Finally, it may be noted that if access to the individual at a time. A record was kept of the 

surface is provided, tarpon will survive well in number of hours between the start of the exjieri- 

waters of low oxygen content and will utilize mental ]>eriod and the end, which in every case 
relatively more atmospheric oxygen. was at the death of the tarpon. Oxygen de¬ 

terminations were made each day and at the 

Sxtrvjval with No Access to the SURFACE. conclusion of the experiment. The locomotor 

The air-breathing habit in tarpon is peculiar and surface rising of the fish were also 

in view of the fact that they normally inhabit P° J t ? d J )U * ? nl y U1 a 8 en t era * W- °°. ntrol . H « 

fairly highly oxygenated sea water and have individual tarpon were kept in battery jars m 

rather extensive gill surfaces. The value of the running and standing sea water without being 

air-breathing habit in land-locked pools of low screened from the suriaee. 

oxygen content in which tarpon may be found is In Expts. 8-13, the experimental vessel was a 
obvious. However, its persistence in the waters 56-liter rectangular assembled aquarium with 

of the open sea may possibly t>e an indication of transparent glass sides whose dimensions were 

imperfectly functioning gills, despite their size. 60 cm. by 35 cm. and 27 cm. deep. This was kept 

It becomes of interest, therefore, to determine constantly filled to capacity with running sea 

the sqrvival time of tarpon when cut off from water. The bottom of the aquarium was covered 

access to the surface ana thus forced to rely on with sand. Into this aquarium was placed a 

dissolved oxygen. Hora (1933) states that tight-fitting wire mesh screen containing three 

various air-breathing swamp fishes can be squares to the inch, at a level of 6 cm. above the 

“drowned” if prevented from reaching the water bottom sand. The general procedure followed 

surface. Das (1935) states that the air-breathing was the same as that described for the battery jar 

loach, Lepidocephalus guntea , if prevented from tests except that no observations were made for 

reaching the surface, will be asphyxiated in a activity or surface rises, 

little more than an hour. These fishes, however, ResuUs , The data in Table III demonstrate 
inhabit waters m which the oxygen content is that compelling a tarpon to rely on dissolved 

habitually low lft contrast to the tarpon of the oxygen by screening it from the surface will re¬ 
open sea. suit in asphyxiation in from 7 to 128 hours. 

Materials and Methods . In Expts. 1-7 of Death may occur in a relatively short time even 

Table III, the experimental vessels were 8-liter in running sea water (Expt. 5). In the standing 

battery jars whose dimensions have been previ- water tests the oxygen content at the death of 
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the animal it* higli enough to maintain a tarpon 
indefinitely if it is permitted to respire atmos¬ 
pheric oxygen. There seems to l>e considerable 
individual variation in survival time. This may 
be a reflection of individual variations in meta¬ 
bolic rate. In the battery jar tests the tarpon 
would often make desperate and repeated futile 
attempts to reach the surface and, failing, would 
sink exhausted to the bottom, there to remain 
quiescent for long periods of time. J n the aquari¬ 
um tests, much more area was allowed for normal 
swimming by the fishes; also, the position of the 
screen, 6 cm. above the bottom, prevented 
exhausting and futile attempts to reach the sur¬ 
face. Tarpon in this aquarium, even when not 
screened from the surface, normally swim near 
the bottom so that the experimental situation in 
this case is, except for the screen, quite normal. 

In the control tests, tarpon in battery jars 
with access to the surface survived indefinitely 
oven when the standing water oxygen content 
was quite low. 


Discussion. 

It is interesting to note in the model experi¬ 
ments that imitative rises may be inducea by 
verv crude objects differing appreciably in form 
ana color. At the same time, a more finished 
wooden model is more successful than are the 
crude ones. The results in B of Table I indicate 
that movement rather form or color is the im¬ 
portant factor for, if the model is so manipulated 
that the normal rise of a tarpon is not simulated, 
there is no significant induced imitation, even with 
the wooden model. Nevertheless, a properly ma¬ 
nipulated silver wooden model is more successful 
than are properly manipulated objects that are 
distinctly cruder models. Apparently, then, 
form and/or color may also be involved but only 
in a minor supplementary way. Possibly at a 
distance of several inches or more from the re¬ 
acting tarpon the type of wooden model used 
was more visible than were the other objects. 
Using this imitative rising reaction, it may be 


Table III. 


Effect of Prevention of Surface Rises on the Survival of Small Tarpon. 


Experi¬ 
ment No. 

Water 

Oxygen Content * 

Survival 
in Hours 

V 

Standing 

3.39-2.20-1.60 

53 

2 1 

St anding 

3.47-2.98-2.70-2.52 

71 

3 1 

Standing 

4. J 5-3.20-1.08 

51 

4* 

Standing 

4.07-1.92 

11 

5* 

Running 

4.86 

7 

6 1 

Running 

5 58 

72 

7* 

Running 

5.58 

128 

8* 

Running 

5.58 

32 

9‘ 

Running 

5.58 

115 

10- 

Running 

5.58 

125 

tl 5 

Running 

5.58 

24 

12 2 

Running 

5.58 

34 

13- 

Running 

5.58 

46 


Remarks 

Periods of great activity and attempts to reach 
surface followed by periods of quiescence. 


Tarpon very active— many attempts to reach 
surface. 

Tarpon very active. 

Activity and rises of fish increase markedly ono 
day before death. 


* In the standing water experiments, the oxjgen content is given day b> riaj in cc per liter. The ilnal figure 
repnwent# the oxygen content of the medium at the death of the experimental animal. In the running water series, 
the figures given represent the average oxygen content in cc. per liter day bj daj. 

* Experimental vessel is an 8-hter battery jar. 

* Experimental vessel is a 56-1 iter aquarium. 


In several cases attempts were made to revive 
tarpon which, after a long period of time, were 
near asphyxiation and lay on their sides. They 
were permitted to come in contact with the 
surface but evidently were too far gone, for they 
soon died. In one case, however, three blinded 
tarpon, which when screened from the surface in 
standing water in a battery jar soon approached 
exhaustion and asphyxiation, did recover when 
the screen was removed after one hour. In that 
time, unlike normal tarpon, they kept rising al¬ 
most continually in attempts to penetrate a 
screen which they could feel but could not see and 
within 40 minutes lay on their sides. Das (1935) 
reports that the air-breathing loach will recover 
from partial asphyxiation if permitted to rise to 
the surface after being kept under a screen. 


possible, by employing a great variety of objects 
differing in form and color but manipulated 
normally, to obtain data which may be of sig¬ 
nificance in obtaining a measure of the visual 
acuity of tarpon. The data already obtained, 
showing as they do only a slight though real 
difference between a good and a crude model in 
their relative success at inducing rises, tend to 
indicate that such experiments would require 
considerable data to have any significance. 

It has been seen that preventing a tarpon from 
utilizing atmospheric oxygen will eventually be 
fatal, even in highly oxygenated water. Hence, 
there is no question of the survival value of the 
surface rise pattern of behavior in these forms. 
In contrast to the work of Hora (1933) and Das 
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(1035), the asphyxiation of tarpon under screens 
is a very slow process. Undoubtedly there is 
interesting material here for exhaustive physi¬ 
ological studies. 

It is quite difficult to evaluate the pattern of 
imitation in surface rising in a group of tarpon. 
Shlaifer & Breder (1940) have shown that imi¬ 
tation will not occur, apparently, until a respira¬ 
tory threshold iB reached. An isolated tarpon 
will rise periodically in response to physiological 
need and over a period of time not much more 
frequently if it is in a group. It is difficult, at 
least at this time, to attribute any adaptive 
value to this imitative behavior which might be 
termed “social respiratory facilitation. ” 

Summary. 

1. Imitative air-gulping surface rises in small 


tarpon may be induced by relatively crude 
models if they are manipulated so as to simulate 
the normal surface rise of this form. A relatively 
more life-like wooden tarpon model is more 
successful than are the cruder objects. No signifi¬ 
cant success is attained with any model if its ma¬ 
nipulated rise differs appreciably from the normal. 

2. The imitative pattern is based on visual 
stimuli rather than on differential pressure 
stimuli. Blinded tarpon never rise imitatively. 

3. At distinctly low oxygen levels, the rate of 
respiratory rises increases but if access to the 
surface and hence to atmospheric oxygen is 
maintained the tarpon survive. 

4. Tarpon when prevented from utilizing 
atmospheric oxygen succumb in 7 to 128 hours 
even in highly oxygenated running sea water. 
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12 . 

Notes on Mexican Snakes of the Genus Trimeresurus. 

Hobart M. Smith. 


A review of the species of Trimeresurus now 
known from Mexico has revealed some confusion 
in the literature, to which I personally have 
contributed to some extent. In addition to 
correction of some of these errors, the present 
paper presents two forms new to the fauna of 
Mexico, names a population previously associ¬ 
ated with lansbcrgii , and diagnoses in a key the 
eleven forms definitely known to occur in the 
country. It should be noted that schlegelii , 
treated by Terron {Anal. Inst. Biol. Mex. t vol. 1, 
1930, pp. 196-7, fig. 7) as a member of the Mexi¬ 
can fauna (without locality), has never been 
reported nearer Mexico than the “Guatemala” 
record of Boulenger (Cat. Snakes, vol. 3, 1896, 
p. 567). Its existence in the country is prob¬ 
lematical. 

I am much indebted to Dr. E. R. Dunn, who 
has very generously checked the types of brachy- 
stoma and made a number of valuable additions 
to the paper. The study has been completed, 
and a portion of the material on which it is based 
has been collected, during tenure of a Walter 
Rathbone Bacon Traveling Scholarship. 

Trimeresurus godmani (Gttnthei). 

Bothreichis godmanni Gtinther, Ann. Mag . Nat. 
Hist., ser. 3, vol. 12,1863, pp. 364-365, pi. 6, fig. 
G (Totonicapam, Guatemala). 

Bothrops godmani Martin del Carapo, Anal, 
hist. Biol Mez.y vol. 9,1938, p. 229, fig. 2. 

One specimen from Santa Rosa, near Comit&n, 
Chiapas, was reported by Martin del Campo. 
It has 142 ventrals, 33 caudals, dorsals in 21 rows, 
9-10mipralabials. 

I have examined six specimens, all from 
Guatemala and Costa Rica. 

Trimeresurus barbouri (Dunn). 

Lachesis barbouri Dunn, Proc. Bid. Soc. 
Wash., vol. 32, 1919, pp. 213-214 (Omilteme, 
Guerrero). 

Published by permission of the Secretary of the Smith¬ 
sonian Institution. 


Agkistrodon browni Shreve, Copeia , 1938, p. 9 
(Omilteme, Guerrero). 

This diminutive species is known only from 
three specimens collected at the type locality, 
of which I have examined one, tne type of 
barbouri (U. S. N. M. 46347). 

I cannot see that browni is different from 
barbouri. The apparent difference in ventral 
counts of the types (134, broumi; 154, barbouri) 
is not real, since the browni type is a male, and 
the barbouri type a female, the ventrals of which 
should have been written 145 (I count 144 to 147, 
according to the number of smaller anterior 
scales counted as ventrals). The only remaining 
apparent difference is in the presence of larger 
head shields, with distinct prefrontals, frontal 
and parietal in browni. I believe the size of the 
dorsal head scales varies in this species, as it 
certainly does in godmani , to which the Omilteme 
specieR is related. In six specimens of godmani 
several intermediate stages between more or less 
uniform, small scales and the presence of distinct 
frontals and parietals are shown. Since the 
type of barbouri has small but distinguishable 
prefrontals, and since the presence or absence 
(and size when present) of the frontal and parie¬ 
tals is variable in a closely related species, I be¬ 
lieve there is no reasonable doubt that broumi 
and barbouri are synonymous. 

Trimeresurus bicolor (Bocourt). 

Bothrops bicolor Bocourt, Ann. Set. Nai. t ser. 
5, vol. 10,1868, p. 201 (San Agustfn, Guatemala). 

The only specimen examined is one in the 
National Museum (No. 46511), from Chicharras, 
Chiapas. It is a small female with 168 ventrals, 
48+ caudals (tail tip missing), 10-11 supralabi- 
als, 12-12 infralabials, and 10 scales between the 
narrow supraoculars; second supralabial enters 
pit on one side, does not on other. 

The species is closely related to lateralis Peters 
(1852), of Costa Rica, which has larger head 
scales (7 or 8 between supraoculars), a yellow 
line along outer row of scales and sometimes 
short black-and-yellow cross-bars (fide Boulen- 
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ger). There is no difference between the two in 
number of labials (the single specimen examined 
of lateralis has ten) t nor in exclusion of the second 
supralabial from the pit (see above). 

Trimeresurus nigroviridis aurifer (Salvin). 

Thamnocenchris aurifer Salvin, Proc. Zool. Soc. 
London , 1860, p. 459, pi. 32, fig. 1 (Oob&n, 
(Guatemala). 

Bothrops nigrotiridis aurifera Barbour and 
Loveridge, Bull . Antiv. Inst,, vol, 3,1929, pp. 1-3; 
Martin del Campo, Anal . Inst . Biol. Mex., vol. 
9, 1938, pp. 228-229, fig. 1. 

This species was first reported from Mexico by 
Martin del Campo, who cites a specimen from 
Santa Rosa, near Comitdn, Chiapas. It lias 159 
ventrals, 44 caudals (lower than other aurifer 
reported in the literature), 9-10 supralabials, 
scales in 19 rows. I have seen no specimens. 

Trimeresurus atrox ( Linnaeus). 

Coluber atrox Linnaeus, Syst. Nat., 1758, p. 22 
(Asia, erroneous). 

Trimeresurus atrox Schmidt and Andrews, 
Zool. Ser. Field Mus. Nat . Hist., vol. 20, 1936, 

p. 182. 

Specimens of this species have been taken as 
far north as Valles, San Luis Potosf (Martin del 
Campo, loc . cit,, records it from Tamaulipas); it 
occurs throughout the Atlantic coastal region 
south of this point, and also along the Pacific 
coast in southeastern Chiapas. Boulenger records 
it from farther north on the Pacific coast, from 
Atoyac, Guerrero (Cat. Snakes, vol. 3, 1896, p. 
536). 

The nineteen Mexican sjiecimens examined 
differ from South American specimens in the 
character of the carinae of the median scales, as 
pointed out by Boulenger (op. cit ., pp. 535-539). 
I can find no other difference. 

Trimeresurus nummifer nummifer (Ruppell). 

Atropos nummifer Ruppell, Yerz. Senek. Mus., 
Amph., 1845, p. 21 (Mexico). 

Trimeresurus nummifer nummifer Dunn, Proc. 
Biol. Soc. Wash., vol. 52, 1939, pp. 165-166. 

Specimens are known from central Veracruz 
along Atlantic slopes into Central America, and 
on Pacific slopes in southeastern Chiapas. The 
species is rarer than atrox , and is apparently 
confined to hilly regions, while atrox is more 
widespread and ranges from hills to plains. 
I have examined thirteen Mexican specimens. 

Trimeresurus nasutus (Bocourt). 

Bothrops nasutus Bocourt, Ann. Set. Nat., ser. 
5, vol. 10, 1868, p. 20# (Panzos, Rfo Polochic, 
Guatemala). 

One specimen (U. S. N. M. 110415) is known 
from the Mexico-Guatemala border, bearing the 
locality data Piedras Negras, Guatemala. Dr. 


E. R. Dunn tells me that there is one in the 
Museum of the Philadelphia Academy of 
Natural Sciences, labelled Veracruz (No. 4873, 
collected by Rev. H. F, Heyde). This is quite 
different from dunni and yucalanicus, all of 
which are related; nasutus has a much higher 
rostral and a different arrangement of the pre¬ 
ocular and subocular scales. Two specimens have 
been examined, the other from Panamd. 

Trimeresurus dunni Hartweg & Oliver. 

Trimeresurus dunni Hartweg & Oliver, Occ. 
Papers Mus. Zool. Univ . Mich., no. 390, 1938, 
pp. 6-7, pi. 1 (Tehuantepec, Oaxaca). 

Known from the semi-arid Pacific slopes of the 
Isthmus of Tehuantepec (seventeen specimens 
examined). 

The definition of this species by Hartweg & 
Oliver has greatly clarified the situation with 
respect to lansbcrgii , with which the Tehuantepec 
as well as Yucatdn specimens were previously 
associated. Prior to their action, three separate 
populations of lansbcrgii were apparent: one in 
northern South America and in Panamd; one in 
Oaxaca; and the third in Yucatdn. Between 
Mexico and Panamd no specimens related to 
lansbergii are known. All of this group from that 
intermediate area are referable either to ophryo- 
megas or to nasutus (c. f. Amaral, Bull. Antic. 
Inst., vol. 3, 1929, pp. 19-27)4 

The isolated group in Yucatdn is not the same 
as dunni, nor can it be referred to typical lans¬ 
bergii of South America. I propose the name 

Trimeresurus yucatanicus sp. nov. 

Holotype. II. S. National Museum 46571, fe¬ 
male, from Chichen Itza, Yucatdn, collected by 
Nelson & Goldman, February, 1901. Paratypes. 
Field Museum of Natural History No. 504, 
Yucatdn, and No. 20621, Chichen Itza, Yucatdn. 

Diagnosis. Snout turned up in front; rostral 
no more than one and one-half times as high as 
wide; scale rows 21 posteriorly; two lower pre¬ 
oculars subequal, both excluded from orbit; two 
large scutes on top of head bordering mtemasals 
and canthals, nearly meeting medially; loreal 
square; caudals 32 to 41 in females; bands on 
body single. 

Description of Holotype. Rostral very high, its 
length (2.6 mm.) somewhat greater than greatest 
width (2.2 mm.), twice width of upper part 
(1.3 mm.); internasals elongate, elevated, in con¬ 
tact medially; one canthal; preocular encroach¬ 
ing on dorsal surface between canthal and supra¬ 
ocular; five or six scales between supraoculars; 
dorsal head scales keeled; a large scale, as large as 
canthal, bordering intemasal medially, in contact 
with canthal, separated from its mate by one 
scale; ten supralabials; first labial in contact with 
anterior section of nasal, separated from posterior 
section by a very small scale and a small, wedge- 


1 Trimeresurus lansbergii annectens Schmidt it certainly 
referable to ophry omegas, of which it may be a subspecies. 
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shaped protrusion from anterior section; scale 
between second labial and posterior section of 
nasal quite small; one row of small scales between 
labials and border of pit; two tiny scales between 
nasal and border of pit; loreal moderately large, 
nearly square; one moderately large scale be- 
tween lower preocular and third labial; one row 
of scales between subocular and labials; subocular 
single, very elongate; one very large upper pre¬ 
ocular, about twice as large as loreal, somewhat 
smaller than canthal; two lower preoculars, both 
separated from labial l>order, both small; median 
preocular partially fused with an elongate scale 
bordering edge of pit; edge of supraocular thin; 
edge of canthal somewhat raised, rather sharp 
anteriorly; edge of preocular not keeled, rounded 
Eleven or twelve infralabials; first infralabials in 
contact with each other behind mental; three 
labials in contact with chinshields; one large 
anterior pair of chinshields, about as long as 
combined width; this followed by two small 
pairs of scales. 

Dorsals in 27-27-21 rows, 148 ventrals; 32 
caudals, entire; anal entire. Total length 254 
mm.; tail 26 mm. 

Specimen badly faded. Ground color light 
gray, stippled; seventeen somewhat staggered, 
darker cross bands, split on middorsal line; 
blotches covering about six scale lengths, sepa¬ 
rated by light areas covering about four scale 
lengths, anterior and posterior edges of cross 
bands black, narrowly light-edged, some blotches 
iaintly divided by a very slightly lighter, trans- 
\erse area; the dark borders terminating about 
four scale rows lateral to vertebral row; blotches 
faintly interrupted at this point, below which are 
two rounded spots of same color as blotches, 
separated from each other, and more or less 
fused with the blotches; belly hcavilv stippled; 
a few light marks in labial region. 

Remarks So far as now known, the only sea¬ 
mens of Trimeresurus from areas north of 
Panamd having a rostral similar to that of 
lambergu are those from the Tehuantepec area 
which have l>een described by Hartweg & Oliver 
as dunni, and the present three s]>ecimens from 
Yucat&n. The latter three are not the same as 
dunni, since the bands are not paired; the scale 
rows usually more numerous in front of anus (21 
at anus in one out of 27 dunni , 21 in all three 
yucatanicus) ; two lower preoculars small, sub¬ 
equal, excluded from orbit (middle larger, 
entering orbit in dunni). 

From lansbergii itself the present species ap¬ 
parently differs in having 21 scale rows posteri¬ 
orly, usually more numerous subcaudals (28 to 
33 in females, 31 to 36 in males of lansbergii; 32 
to 41 in females of yucatanicus) ; two relatively 
large scutes bordering interaasals and canthals, 
nearly meeting each other medially (no such 
scales in lansbergii, apparently); loreal square 
(usually narrow, about twice as long as broad in 
lansbergii). 

In 1859 Cope described a form called brachy - 
stoma ( Proc . Acad . Nat. Sci . Phila., 1859, p. 339). 


The series on which this name was based is now 
in the collections of the Philadelphia Academy of 
Natural Sciences, and consists of four specimens 
(of which No. 7043 is the type), all collected by 
Mr. Cuming at unknown localities. All four 
have. 19 scale rows posteriorly, elongate loreals 
and bands single, and accordingly agree with 
the characters of lansbergii. They probably 
were secured in South America, as Dr. Dunn 
states that numerous other specimens collected 
by Cuming are in the Academy collections, all 
apparently from South America. 

Trimeresurus undulatus (Jan). 

Trigonocephalus ( Atropos) undulatus Jan, Rev. 
Mag. Zool ., 1859, p. 157 (Mexico). 

Specimens in the National Museum are from 
Orizaba, Veracruz (No. 6319); Omilteme, Guer¬ 
rero (Nos. 46345-6, 46348); and Oaxaca, Oaxaca 
(No. 46466). The species has also been reported 
from the state of Hidalgo (Martin del Cainjx), 
op cit.y p 14). 

Trimeresurus melanurus Muller. 

Trimeresurus melanurus Muller, Mitt. Zool. 
Mm. Berlin , vol. 11, pt. 1, 1923, pp. 92-93 
(Mexico). 

Trimeresurus garciai Smith, Proc. Biol. Soc. 
Wash. f vol. 53, 1940, pp. 62-64, fig. 2 (Cacaloa- 
pam, Puebla). 

This species is known only from the desert 
region about Tehuac&n, Puebla. Its divided 
caudals and the horn-like supraocular distin¬ 
guish it from all other species in Mexico. Three 
specimens have !>een examined. 

Ivey to Mexican Trimeresurus 
1. Supraocular produced as a soft, horn-like scute 2 


Supraocular flat 3 

2. Subcaudals entire melon uius 

Subcaudals divided . undulatus 

3. Snout produced, turned up 4 

Snout not noticeably turned up 6 

4 Rostral about twice as high as wide nasutus 

Rostral no more than one and one-halt times as 
lugh as wide. . 5 


5. Bands on body distinctly paired; two lower 

preoculars small, subequal, excluded from 
fiorder of orbit; scale rows 21 in front of anus 

yucatanicus 

Bands on body paired, each half well defined 
and usually separated medially from its 
mate; middle preocular considerably larger 
than lower, broadly in contact with border of 
orbit; scale rows usually 19 in front ol anus 

dunni 

6. Subcaudals double atrox 

Subcaudals single . 7 

7. Scales in 23 rows or more; size large 

numvnfer nummifer 
Scales in 21 rows or less; size smaller . 8 

8. Width of a supraocular about half distance 

between supraoculars; subcaudals 22 to 34; 

brown; terrestrial.. . 9 

Width of a supraocular one third distance 
between supraoculars, or less; subcaudals 

44 to 67; green; arboreal 10 
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9. Scales in 21 rows; upper preocular large, forming forming part of canth&l ridge, in contact 

part of canthal ridge; loreal small, excluded with supraocular... barbouri 

from canthal ridge, not in contact with 10. Head scales smooth; scales in 19 rows 

supraocular. godmani nigroviridift awrifcr 

Scales in 19 or 17 lows; upper preocular small, Head scales keeled; scales in 21 rows ..biroim 

excluded from canthal ridge; loreal large, 
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Zygocotyle lunata belongs in the family Param- 
phistomidae Fischoeder, 1901. Diesing (1836) 
descril>ed the species from material collected by 
Natterer, in Brazil, from the coca of several 
species of water birds and from the cecum of the 
deer, Cervus dichotomy* , and named it Amphi- 
stoma luvatum. Fischoeder (1903) redescribed the 
sjiecies from 4 whole mounts of Diesing's original 
material in the Vienna Museum. Stunkard 
(1917) erected the genus Zygocotyle, to contain A. 
lunalum and a new species, Z. ceratosa , described 
by him from the intestine of a duck, Anas platy - 
ihynchos, from Nebraska. Price (1928) showed 
that Z . ceratosa was specifically identical with Z. 
lunata . 

The host relationships of the genus Zygocotyle 
are of considerable interest. Diesing (1836) de¬ 
scribed it from the cecum of a deer, ('ervus 
(hcholomus , and also from the ceca of the birds, 
Anas melanotus , A. cpecuhn and Himantopus 
vi l so nil. Fischoeder (1903), after an examina¬ 
tion of 4 of Diesing’s specimens, concluded that 
the record of the ruminant Cervus dichotomies as a 
host of this form was probably due to an error in 
labelling. As pointed out by Price (1928), 
Dujardin (1845) and Diesing (I860) had earlier 
arrived at the same conclusion because of the 
wide difference in hosts. The suspicion of error 
jersisted until the occurrence of Zygocotyle in 
>oth birds and mammals was definitely shown by 
Price (1928) who studied specimens of an araphi- 
stome reported by Hall (1927) from the cecum of 
a cow, Bos laurus , and identified them as Zygoco¬ 
tyle lunata, thus confirming and validating 
Diesing's original record. In the present study, 
infections with Z. lunata have been experimen¬ 
tally produced in the sheep, Ovis aries . and in the 
rat, Mus norvcgicus , as well as in ducks. Thus a 
rodent as well as another ruminant is here added 
to the list of mammalian hosts. All the rats 
exposed (more than 60) became infected. 

Several years ago the writer (1930, 1936) 
described a new species of cercaria, C, poconensis , 
from Hdisoma antromm collected near Henry- 
ville, Pennsylvania. Life history studies with the 


material in an attempt to identify the adult 
stage failed, and the investigation had to be 
abandoned l>ecause the infestation was no longer 
present in the snails from that region. In Septem- 
l>er, 1937, one specimen of Ilelisoma antrosum 
from Prospect Park Lake in New York showed an 
infestation with Cercaria poconensis, and subse¬ 
quent collection of 450 snails from the same lake 
during October yielded 3 additional infections. 
Cercariae from these 4 naturally infested snails 
encysted in dishes in the laboratory and furn¬ 
ished the material for feeding experiments. 
Metacercariae fed to rats, ducks and sheep devel¬ 
oped into adults of Zygocotyle lunata in the ceca 
of these hosts. Eggs, collected from feces, 
developed in the laboratory and young labora¬ 
tory-raised snails of the sjiecies Ilelisoma antro- 
snm , on exposure to the hatched miracidia, be¬ 
came infected, yielding the sporocyst, redial and 
cercarial stages, thus demonstrating experimen¬ 
tally the complete life cycle. Preliminary rejxirts 
were presented in abstract form (Willey, 1937, 
1938). 

Gower (1938) in a study of trematodes infesting 
wild ducks in Michigan obtained an experimental 
infestation m a half-grown mallard duck of 46 
immature specimens of Zygocotyle lunata with 
metacercariae from a naturally infected snail 
identified as Ilelisoma trivolvis. 

Much progress has been made in recent years 
in the demonstration of North American trema¬ 
tode life cycles. Most of the advances have been 
made, however, in groups other than the amphi- 
stomes. Life cycle studies in this group, with the 
exception of that of Bennett (1936) on Cofylo- 
phoron cotylophorum , are mostly incomplete, 
since they lack one or more stages or fail to pro¬ 
vide experimental proof in support of conclusions 
based on morphological similarity. 

The demonstration of a complete life cycle 
requires that all stages be described and obtained 
experimentally. The studies may begin with 
any step in the sequence. In trematode studies 
either of two modes of attack are commonly em¬ 
ployed. One may start with the cercarial stage, 
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obtained from naturally infected snails, and 
expose various possible hosts to it or to the 
metacercaria, if the cercaria encysts in the open. 
Such experimental hosts must be known to lx; 
free from previous infection wliich might be 
confused with the experimental one. Frequently, 
the structure and activities of the cercariae to¬ 
gether with information on the fauna occurring 
m the same environment will give some indication 
of the next host. Similarly, one might start with 
the adult stage of the trematode in the final host. 
Eggs are then collected and permitted to develop 
and various species of snails are then exposed to 
the hatched miracidia. Successful infestation 
provides the asexual stages in the snail. In either 
method, the cycle is followed back to the starting 
point. 

In the present study the investigation began 
with 4 naturally infected snails and, as described 
later, infection was obtained in the final hosts. 
The rats, all of wliich became infected, had !>een 
laboratory-raised for many generations and the 
ducks were known to l>e previously uninfected, 
because none in a control series of ducks, l>eing 
used for other experiments, ever showed any 
eggs or specimens of Zygocotyle Janata, while all 
the experimentally-fed ducks became infected 
with the species. The complete life cycle was 
passed through several times in the laboratory. 
No further collections of naturally infected snails 
were made since ample material was available in 
the laboratory throughout the investigation. The 
life cycle as here presented begins with a descrip¬ 
tion of the eggs obtained from experimentally 
infected hosts, after which the succeeding 
generations arc considered in the order of their 
occurrence. The materials and methods em¬ 
ployed with the various stages are described 
separately for each stage. 


Egg. 

The eggs of Zygocotyle hinata examined alive 
from feces or from living unstained worms are 
colorless. The shell is very delicate and as 
studied in optical sections under high magnifica¬ 
tion, it does not exceed 1.5 m in thickness. If 
pushed about with a blunt needle the eggs are 
easily dented and burst readily with rough 
handling (Fig. i). They are broadly ovoid and 
show little variation in shape (Fig. 2) The 
slightly attenuated end bears an operculum 
measuring from 28 to 31 m in diameter. The 
edges of the operculum are irregularly notched 
and these notches interdigitate closely with 
similar irregular notches on the edge of the shell. 
A slight excrescence, from 10 to 15 m in diameter, 
occurs on the shells of all the eggs at the broad 
end. The freshly deposited egg contains a large 
number of granular yolk masses suspended in a 
transparent fluid: and the ovum, measuring from 
20 m to 25 p in diameter, still unsegmented, lies 
embedded between the vitelline masses in the 
opercular half of the egg (Fig. 1). 

Eggs of Z . lunata vary much in size. Several 
hundred eggs collected from feces of ducks and 
rats infected with newly matured worms, as well 


as eggs from infestations of more than a year's 
duration, were measured. Eggs from feces of a 
duck and of a rat, each of which had been infested 
from a single feeding of metacercariae 13 months 
previously, show no significant difference in size. 
The eggs from the duck varied in length from 
132 fx to 152 n and those from the rat from 132 n 
to 158 /4. Width varied in eggs of the duck para¬ 
sites from 92 n to 102 a* and in those from the rat 
from 89 m to 102 The average size of 38 eggs 
deposited by worms in the duck was 142 ^ by 
98 m, while that of the 38 eggs from the rat feces 
measured 141 m by 96 n. The variation in size of 
eggs from these 13-month-old worms was 20 m 
in length and 13 m in width. Bennett (1936) 
showed a similar size range (30 m in length and 
10 m in width) in eggs of Cotylophoron cotylo - 
phormn . 

Fifty-six eggs of young, newly mature Z. 
lunata collected in a fecal sample from a duck 
experimentally infected 48 days before, varied in 
length from 132 » to 152 m and in width from 99 m 
to 102 m, the average measurements for the group 
being 145 v by 99.5 a*. Similarly, 54 eggs of young, 
newly mature worms collected in a fecal sample 
from a rat infected 49 days before, varied in 
length from 132 to 158 n and in width from 92 n 
to 105 m, the average measurements for this group 
l>eing 141 n by 98.8 ju. As with eggs from older 
infestations, no significant difference in size ap¬ 
pears between eggs ot worms in the 2 hosts. 
Further, it may be seen that the size range is the 
same for eggs from new and old infestations. 
While in the eggs measured in these series, the 
average length and width ol eggs from young 
infestations slightly exceed those of older infosta- 
tions, the difference is not significant. 

Thirty eggs measured in stained whole mounts 
of newly matured worms varied from 132 by 
86 a* to 152 by 99 n, the average being 143 by 91 a*. 
While the average width (91 n) of these eggs in 
stained and mounted young specimens is about 
5 n less than that of living eggs from older worms, 
the extremes in both dimensions are practically 
the same in eggs from fixed and stained specimens 
of all ages as in eggs from feces. The average 
obtained for all eggs of Z . lunata measured in the 
present investigation is 142 a* in length and 96 m 
in width. 

Price (1928) tabulated measurements of Z, 
lunata from different hosts and showed a re¬ 
markably wide variation in egg size. The eggs 
measured by Price and others from 7 host species 
vary from 124 to 153 m in length and from 72 to 
96 ju in width, the extreme range of variation 
Ijeing 29 m in length and 24 m in width. This 
range is somewhat wider than in the present 
study. All of the material used by the present 
author for egg measurements was obtained from 
experimental infestations with metacercariae 
from 2 naturally infected snails collected from 
the same small pond. The hosts yielding the 
specimens of Z. lunata for egg measurements as 
tabulated by Price were natural infections studied 
under different conditions by different workers 
and collected from widely separated parts of 
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North and South America. The differences in 
egg size may possibly be explained by this 
difference in source of material. With regard to 
egg size in ampliistomes, it is difficult to draw any 
conclusion of value other than that egg size is of 
little importance in classification within a family. 

Miracidium. 

Development . Studies on development of the 
miracidium of Zygocotyle lunata were carried out 
on eggs obtained from feces of experimentally 
infected ducks and rats. All eggs observed were 
in the one-cell stage at the time of deposition. 
Much difficulty, due to bacteria and molds, was 
experienced in obtaining successful development 
of the ovum. The best results were obtained by 
keeping the eggs in petri dishes and changing the 
water twice daily. Immediately after collection 
from feces, the eggs were washed through 8 or 10 
changes of tap water. Other methods involving 
(1) the use of sterile water, (2) gentle mechanical 
agitation and (3) a method by which drops of 
water fell continuously into dishes of water 
containing eggs were all found to be unsatis¬ 
factory. Eggs allowed to develop at a constant 
temperature of 25° O. in an incubator gave some¬ 
what better results than those exposed to varying 
temperatures in the lal>ortttory. By transferring 
the eggs twice daily with a micropipette to 
dishes of clean water, about 50 to 00 per cent of 
the embryos hatched and even then it was 
necessary to clean tlu* mold from some of them 
with dissecting needles before they would hatch. 
In no case was it jx)ssible to obtain complete 
development without some mold forming on the 
eggs. 

Bennett (1930) described in considerable 
detail the developmental stages of the miracidia 
of Cotylophoron cotylophorum and found a re¬ 
markable similarity in the sequence of organ 
development between that species and develop¬ 
ment in other species of trematodes as doscril>ed 
by Thomas (1883), Looss (1892, 1890), Ortmann 
(1908), Johnson (1020), Stunkard (1923), Barlow 
(1925), Ishii (1934) and Suzuki (1931). Bennett 
(1936) says, “The development of the miracidium 
as described here coincides in practically every 
detail with the development of the miracidia 
described by the workers mentioned earlier in 
this discussion. This result points to the con¬ 
clusion that the chronological sequence of organ 
development in trematode miracidia is essentially 
the same.” 

In view of Bennett’s complete * account of 
development in C. cotylophorum, a closely related 
amphistome, and the similarity manifested in 
the developmental history of miracidia in trema¬ 
todes generally, detailed observations on the 
sequence of organ development are not recorded 
hero for Zygocotyle lunata. However, all stages 
were observed in the course of the present study, 
using living material in hanging drops, and the 
process in Z. lunata follows very closely that 
described for C. cotylophorum . 

The time required for development and hatch¬ 
ing varies, the minimum time being 19 days and 


the maximum 40 days in the material of Z . 
lunata studied under laboratory conditions. 
Between these extremes the rate of development 
varied with the season of the year, more time 
being required during the colaer than in the 
warmer months. Most of the were embryo- 
nated at room temperature,' and during the 
winter the room was much cooler during both 
day and night than in the summer. Temperature 
is probably the factor controlling speed of devel¬ 
opment, but controller! experiments using differ¬ 
ent tem}>eratures at the same season of the year 
were not conducted. Table 1 shows the relation 
between time required for development and 
season of the year. In each case the time noted 
is that time elapsed from deposition of the eggs 
until emergence of the first miracidium in the 
given batch of eggs. In all the cultures, hatching 
was spread out over periods of 4 days or longer, 
indicating individual differences either in ma¬ 
turity of the eggs at deposition or in develop¬ 
mental rate. In a culture of developing mirioidia 
of Z. lunata, most of the embryos are at about the 
same stage of organ formation but some develop 
more slowty than others in the same dish. 

Table I. 


.Seasonal variation in developmental rate of 
miracidia of Zygocotyle lunata. 


Date of deposition 

Date of hatching 

Days 

of eggs 

of first miracidia 

elapsed 

Dee. 2, 1937 

Jan. 10, 1038 

39 

Dec. 4, 1937 

Jan. 13, 1938 

40 

Dec. 16, 1937 

Jan. 18, 1938 

33 

Jan. 22, 1938 

Feb. 16, 1938 

25 

Feb. 2, 1938 

Fob. 27, 1938 

25 

Feb. 23, 1938 

March 21, 1938 

26 

March 5, 1938 

March 27, 1938 

22 

March 14, 1938 

April 7, 1938 

24 

April 15, 1938 

May 8, 1938 

23 

May 25, 1938 

June 15, 1938 

21 

June 9, 1938 

June 30, 1938 

21 

June 10, 1939 

June 29, 1939 

19 

July 22, 1939 

Aug. 11, 1939 

20 

July 25, 1939 

Aug. 16, 1939 

22 

Aug. 12, 1938 

Aug. 31, 1938 

19 

Sept. 1, 1938 

Kept. 22, 1938 

21 

Sept. 4, 1939 

Oct. 4, 1939 

30 

Oct. 15, 1938 

Nov. 9, 1938 

25 

Oct. 29, 1938 

Dec. 1, 1938 

33 

Nov. 19, 1938 

Dec. 19, 1938 

30 


Figures 3, 4 and 5 are photomicrographs of 
embryos of Z. lunata at 13, 18 and 21 days of 
development respectively, from a culture in 
which the first miracidium hatched in 21 days. 
In the 13-day stage the embryo is 135m to 140m 
long and is slipper-shaped, occupying the entire 
length of the egg. The yolk masses have begun 
to increase in size and decrease in number by a 
process which suggests a coalescence of the con¬ 
tents of adjacent masses. Very little movement 
of the embryo could be observed at this *tage. 
Cilia are present but were not seen to move. 
The anlage of the “gut” is well established and 
flame cells are only occasionally seen. They have 
large nuclei at the base of a small tuft of cilia 
which measures approximately 6 m X 3m. The 
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nuclei are visible only after the embryonated egg 
is somewhat compressed and only after the em¬ 
bryo reaches a moribund state. No vitelline 
membrane could be discerned and from this stage 
on, the embryo occupies the entire length of the 
egg. No space is left at either end and the 
granular mass called a “mucoid plug” by Barlow 
(1026) and described in detail by Bennett (1936) 
for Coiylophoron cotylovhorum , is entirely absent 
at all stages in eggs of Zygocotyle lunata. In Z. 
lunata numerous refractive, spherical masses are 
usually to be seen lying outside the embryo 
(Figs. 3, 4). They are left behind when the 
miracidium hatches and may be excretory in 
nature. 

An 18-day old embryo (Fig. 4) shows practi¬ 
cally all the body organs well developed and 
exhibits much movement, shifting backward and 
forward and constricting the U)dy transversely 
at the junctions of the rows of epidermal cells. 
The yolk masses are now few in number and very 
large. Increase in length and width has necessi¬ 
tated a folding forward of the posterior fourth of 
the body, which becomes J-shaped. The nerve 
mass is well develojxnl as a concentrated, some¬ 
what spindle-shaped band of small cells near the 
posterior limit of the anterior third of the embryo. 
The cilia are active, beating spasmodically every 
few minutes. The flame cells are large (12 m by 
5.5 m) and actively beating, but no collecting 
tubules were observed at this stage. Germ cells 
are well-defined in the posterior third of the body. 

The embryo of 21 days development shown in 
Fig. 5 would not be ready to hatch before 24 to 
48 hours although some others in the same culture 
dish were hatching. »Sevcral yolk masses are still 
present and appear to be partitioning off the 
part of the egg not occupied by the embryo. 
These apparent divisions always disappear com¬ 
pletely before hatching occurs. At this stage 
there is much constricting of the body as a whole 
and of the “gut ” which is half as long as the body. 
Granules suspended in a fluid in the “gut” shift 
back and forth due to apparent waves of con¬ 
traction in the wall of the “gut” (Fig. 5). The 
cilia beat slowly from time to time. Anteriorly, 
the apical papilla presses closely against the 
operculum. The embryo maintains a J-shaped 
form and the position shown in Fig. 5 until the 
time of hatching. 

Hoicking . With the disappearance of all the 
yolk masses the content of the egg is a continuous 
fluid in which the miracidium lies free. It shifts 
back and forth rapidly and the cilia begin to 
beat violently. One gets the impression at first 
that the apical papilla batters against the oper¬ 
culum to open it by mechanical pressure. More 
gentle movements of the same nature take place 
during the last 2 days before hatching. In the 
majority of cases the miracidium emerges without 
having turned around in the egg and this appears 
to be the normal procedure. Shortly before 
hatching, many large refractive granules from 
4 to 10 m in diameter, and clusters of smaller 
spherules, remain more or less stationary within 
the egg shell, but when the miracidium is ready 


to emerge, the violent ciliary action causes the 
granules to be swirled rapidly about with the 
fluid. Normally the operculum opens within one 
hour after this violent activity starts and emer- 
nce of the larva requires from a few seconds to 
teen minutes. Those which require the longer 
time to get out of the egg shell are apparently 
abnormal in some way or are injured in emerging, 
since they usually do not swim far and soon die. 
The diameter of the operculum is only about 
half the width of the miracidium which must 
constrict appreciably as it passes through. 
During the entire process of emergence the cilia 
are l>cating very rapidly. 

Some miracidia turn around again and again 
in the shell at hatching time. In such eggs, 
opening of the operculum appears to be delayed. 
Some of these larvae emerge normally when the 
operculum does finally open, but in other eggs 
the operculum opens only after the miracidium 
has exhausted itself by its activity and may 
emerge only half way and die in that position. 
Some swim around incessantly within the egg 
shell for as long as 7 hours and die there. 

It seems significant that in manj r cases where 
the larva fails to emerge readily, it turns about 
actively in the egg and applies the apical papilla 
against the two ends of the shell with equal fre¬ 
quency, apparently trying to find an opening at 
first one end and then the other. In two such 
eggs observed in hanging drops, the operculum 
oj>ened while the apical papilla was directed to¬ 
ward the opposite end of the egg. Within a few 
'seconds the larva turned and emerged rather 
slowly through the opening but swam away 
vigorously when free from the shell. This ener¬ 
vation seems to indicate that glandular secretions 
are produced at hatching time which effect the 
opening of the operculum, and that mechanical 
pressure by the apical papilla is probably not the 
direct cause for its removal. Normal larvae 
develop in a position adapted to straight-forward 
emergence. No embryos were observed develop¬ 
ing in a reversed position. 

A remarkable periodicity exists in the time of 
day that miracidia of Z. lunata hatch. In ob¬ 
servations on hundreds of mature miracidia in 
many different culture dishes at all hours of the 
day and night, very few were observed to hatch 
or to have hatched before 5:00 P.M. and no 
miracidia were ever found swimming in the cul¬ 
tures in the morning after 9:00 A.M. The ma¬ 
jority hatched between 10:00 P.M. and 2:00 
A.M. In Aiany cases, mature miracidia were 
observed in eggs until about midnight or later in 
order to study the hatching procedure. Often 
none would hatch, but almost invariably some 
of them would he found either moving very 
feebly or dead in the dish at 9:00 in the morning, 
having hatched during the early morning hours. 
Those which had not hatched during the night 
usually remained in the egg shell until the Fol¬ 
lowing night, when more would emerge. Darkness 
does not seem to be the controlling factor, for 
just as many larvae liatch in a culture dish 
placed under the strong beam of a microscope 
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lamp as in dishes covered with black paper. 
Attempts to induce consistent hatching of mi- 
racidia for study during the day, by the stimuli 
of light and darkness, were entirely unsuccessful. 
Agitation with dissecting needles of eggs con¬ 
taining mature miracidia sometimes causes the 
operculum to open, probably by mechanical in¬ 
jury to the egg shell, but most if not all individu¬ 
als induced to emerge in this fashion are abnormal 
and die without getting very far away from the 
opened shell. 

The miracidium swims very rapidly, usually 
in straight lines for considerable distances before 
darting off suddenly in a new direction. In 
Syracuse watch glasses they may be seen either 
swimming back and forth across the dish or fol¬ 
lowing around the edge in either direction. 
When no snail is in the dish the movements of 
the larva seem to be entirely at random. No 
phototropism was observed and they do not show 
any tendency to concentrate in any one place or 
in any way to influence each other. They swim 
incessantly for varying periods up to 7 hours, 
after which they slow down, sometimes swimming 
for a time in narrow circles, and die on the bottom 
of the dish in a somewhat bloated condition and 
contracted in length. As described in a later 
section of the present paper, they usually enter 
the snail host within two hours 

Morphology of the Matxtre Miracidium. 

Studies on the morphology of mature miracidia 
of Zygoeotyle lunata were conducted, using un¬ 
stained living and moribund individuals in hang¬ 
ing drops, silver impregnated specimens prepared 
according to the method described by Lynch 
(1933), and specimens stained intravitally with 
neutral red. When swimming, the miracidium 
is elongated with sides almost parallel. Anterior¬ 
ly it is cone-shai>ed and terminates in a pro- 
trusible cap called by some authors the apical 
papilla. The posterior end is bluntly rounded. 
Moribund specimens and those which may l>e 
momentarily quiescent contract appreciably in 
length and become broader. The anterior, coni¬ 
form region and apical papilla may l>e retracted 
and the specimen becomes much expanded in the 
anterior half. Some variation occurs in size of 
miracidia of Z. lunata as in other species, but 
most of it is due to the varying amounts of con¬ 
traction aud swelling which occur on natural 
death or fixation. Ten specimens killed by hot 
0.5 per cent, silver nitrate for the silver impreg¬ 
nation method showed projections most closely 
approaching those of the living miracidium. In 
these 10 specimens length varied from 184 m to 
211 and width varied from 53 m to 59 u, the 
average length and width being 194 m and 55 m 
respectively (Figs. 7,8). Ten moribund specimens 
in hanging drops varied from 170 u to 231 m in 
length ana from 68 m to 75 m in width, the average 
measurements of this group being 187 n by 69 m* 

The entire surface except the apical papilla 
and the very narrow spaces between rows of 
epithelial cells is ciliated. The cilia (Fig. 6) are 
about 10 m long except immediately behind the 


apical papilla where they are about 3 or 4 m long. 
These short cilia beat as do all the others. The 
cuticular non-ciliated cap or apical papilla is 
about 10 u across and a slight constriction of the 
body wall occurs just behind it. The apical 
papilla, called by various authors a “rostrum,” 
“oral cone,” “head papilla,” or a “terebrato- 
rium ” is said by some to be perforated by small 
glandular pores. Lynch (1933) described such 
)>ores in the apical papilla of Her animus chelydrae. 
Coe (1896) found an opening which ho refers to 
as the mouth in the “Kopfpapille” of the mira¬ 
cidium of Fasciola hepatica. No pores were 
identified on this structure in Z. lunata and such 
pores have not been reported on the papillae of 
other ampliistome miracidia. 

The external layer of the miracidium of Z . 
lunata is an epithelium consisting of 20 flattened, 
ciliated, epidermal cells. They are arranged in 4 
tiers or rows, with 6 cells in the first (anterior) 
row, 8 in the second, 4 in the third and 2 in the 
last or posterior tier (Figs. 7, 8). These cells are 
well demonstrated by the silver impregnation 
technique used by Lynch (1933). Figure 7 is a 
photomicrograph of a silver impregnated mira¬ 
cidium taken with a 16 mm. objective to obtain 
sufficient depth of focus to show the entire 
thickness of the specimen. Figure 8 is a photo¬ 
micrograph of the same miracidium as in Fig. 7 
but using an 8 mm. objective focussed on the 
upper surface, with consequent loss of depth of 
focus. 

The epidermal cells of the first tier covering the 
anterior fifth of the larval body are triangular in 
shape due to the tapering at the front end of the 
miracidium. They converge, almost meet, and 
seem to unite to form a ring in the base of the 
apical papilla. The cells of the second and third 
tiers are rectangular in surface view. Each of the 
2 cells in the posterior tier covers one-half of the 
surface* in the posterior fifth of the miracidium, 
the contiguous borders of the 2 cells lying some¬ 
what to the left and right of the median plane. 
The spaces between adjoining epidermal cells and 
between tiers of cells in Z . lunata are from 0.5 m 
to 1.5 m in width as seen in silver preparations. 
The spaces are homogeneous in appearance, 
without ]K*rforations and are bordered by wavy, 
irregular lines. No overlapping of plates was 
observed. Papillae and excretory pores open 
laterally through spaces between epidermal cells, 
as will be described later. 

The disposition of the epidermal plates with 
regard to the dorso-ventral axis of the miracidium 
is shown in Fig. 9, which is a dorsal view. Ad¬ 
joining borders of the dorsal (and ventral) 
epidermal cells of the second and third rows lie 
in the median plane, while those of the posterior 
row lie in a plane about 45 degrees removed from 
the median plane. The borders of the 6 anterior 
cells do not fall in line with any of those of the 
second row of 8 cells, and the medial edges of the 
2 dorsal epidermal cells in the anterior row lie 
just a little to one side of the median plane. The 
miracidium shown in the photomicrographs 
(Figs. 7, 8) lies in a position of about 45 degrees 
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of rotation to the right from a dorsal aspect, 
permitting favorable illustration of the lateral 
location of excretory pores and lateral papillae. 

Epidermal cells have been studied in rairacidia 
of a few other species. A review of this work was 
presented in tabular form by Bennett (1936). 
The cell formula, 6;8;4;2 was reported by Bennett 
(1936) for Cotylophoron colylophorum, and by 
Krull & Price (1932) for Diplodiscus tcmperatus . 
The present work shows that the miracidium of 
Zygocotyle lunala also possesses the formula 
6;8;4;2, indicating that this formula is probably 
characteristic for the family Paramphistomidae. 
In studies on these cells in miraeklia from other 
families, Thomas (1883), Ameel (1934) and 
Lynch (1933) reported some variation between 
different individuals within a species. In the 
majority of sj>ecies, however, in which the 
formula has l>een described, no variation is re¬ 
ported. In the present work, 25 silver impregna¬ 
tion preparations of miracidia of Z, hmata 
showed no variation in the formula for the epi¬ 
dermal plates. As pointed out by Price (1931) 
and Bennett (1936) these structures are probably 
of importance in establishing natural relation¬ 
ships among the trematodes. 

Each epidermal cell contains a nucleus which 
may sometimes be seen in moribund or unstained 
dead miracidia, and may be best observed with 
the aid of intra-vitain stains. They do not show 
in silver impregnated preparations. In the pres¬ 
ent work they were studied from surface views of 
whole mounts, either unstained or stained with 
neutral red. The nuclei of the first tier of epi¬ 
dermal cells arc much elongated, measure from 
14 n to 17 n in length and about 2 ^ in width, and 
lie very near the posterior border of the cells. 
Each of the 8 epidermal cells in the second tier 
contains an elongated but somewhat irregular¬ 
shaped nucleus near its posterior border (Fig. 9). 
These nuclei are 11 yu to 13 n in length and 3 m in 
width. Those of the third tier of epidermal cells 
show the same position, shape and length but 
are only about 2 m in width. Each of the 2 
posterior cells contains a centrally located nu¬ 
cleus about 14 m long and 5 m wide. 

Ar pointed out by Bennett (1936), the nuclei 
of the epidermal cells have been described for 
only a few miracidia. With slight variations in 
shape, size and position, these structures art; 
apparently similar in the miracidia of all the 
Paiamphistomidae in which they have been in¬ 
vestigated. In this group Sinitsin (1931) de¬ 
scribed them in the miracidia of Paramphistomum 
cervi, Krull & Price (1932) in Diplodiscus tem - 
peratus and Bennett (1936) in the miracidia of 
Cotylophoron colylophorum . 

Beneath the surface layer of ciliated epidermal 
cells is a layer of transparent sui>epitlielial cells. 
As indicated by their nuclei, these cells form a 
continuous layer around the internal structures 
of the miracidium. The nuclei are distributed 
over all portions of the subepithelial layer, but 
are more numerous in the anterior half of the 
body (Fig. 9). In an optical section of a whole 
mount viewed from the dorsal side, from 13 to 15 


subepithelial cell nuclei may be seen along each 
outer edge of the miracidium. In surface view a 
group of from 12 to 15 may be seen overlying the 
“primitive gut” and smaller groupfi may be 
identified in the middle and posterior regions of 
the body. A few of these nuclei apj)ear spherical 
but most are slightly elongated and vary from 
6 fi to 7.5 m in length and from 4 yu to 5 g in width. 
Krull & Price (1932) showed that in the mira¬ 
cidium of Diplodiscus temperatus these nuclei are 
arranged in 3 definite rows, and Bennett (1936) 
found them to be distributed in 4 principal groups 
in the miracidium of Cotylophoron cotylophorum. 
Bennett pointed out, however, that not all the 
nuclei are to be found in these groups. In 
ZygocotyU lunata y the subepithelial nuclei are 
distributed irregularly through the subepithelial 
layer, and while they are more numerous in some 
areas than in others no definite arrangement into 
groups could be observed. Actually, examination 
of different specimens of Z. tunata showed con¬ 
siderable variation in number and distribution of 
the nuclei. Bennett (1936) observed mitosis in 
some of the subepithelial nuclei in C. cotylo- 
phorum and he points out the futility of attempt¬ 
ing to determine their number. 

The “primitive gut” is a saccate or flask¬ 
shaped structure occupying a considerable 
portion of the anterior region in the miracidium 
of Z. hmata. Its shape is exceedingly variable 
both in developmental stages within the egg 
(Figs. 4, 5) and after hatching of the larva. It 
may be elongated and narrow or it may be con¬ 
stricted transversely, or it may shorten and 
become very broad. When elongated it extends 
past the middle of the bodj* and wdieti shortened 
it occupies only the first third of the body. No 
lumen in the ordinary sense of the term is present 
and it is completely filled with a fluid containing 
a coarsely granular material which surges back 
and forth actively due to contraction of its walls 
and of the body of the miracidium. Anteriorly 
it tapers and seems to terminate blindly just 
behind the apical papilla. No opening to the 
outside could be found and nothing was observed 
to be cither taken in or extruded from it. Its 
walls show no cell boundaries in the mature 
miracidium. Four large, somewhat ovoid nuclei, 
measuring about 8 yu long by 5 yu wide, are situ¬ 
ated near the posterior end, w r here they may be 
seen at all times since they remain attached to 
the wall and do not surge about with the granular 
contents of the sac (Figs. 5, 9). 

Most helminthologists have considered the 
“gut” of the miracidium as a primitive or ves¬ 
tigial intestine but more recently the work of 
Reisinger (1923), Manter (1926), Price (1931), 
Lynch (1933), and Bennett (1936) seems to 
suggest that this structure is a gland rather than 
a gut. Bennett (1936) says, “The development 
of the primitive gut at some distance from the 
anterior end of the body, the size of the cells and 
their nuclei, the early development of the granu¬ 
lar contents, the absence of a definite cell wall 
around each nucleus after the four-cell stage is 
reached, the concentration of cytoplasm around 
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the nuclei at the posterior end of the gut, the 
absence of a mouth and a lumen, and the com¬ 
plete disappearance of the contents immediately 
after penetration of the miracidium into the 
snail host while the nuclei may still be identi¬ 
fied—all give evidence in favor of interpreting 
this structure as being a gland rather than a gut. ” 

The writer is inclined to agree with the opin¬ 
ions of the above-mentioned workers that the 
so-called “primitive gut” is probably glandular 
in its function, but more intensive studies on the 
embryonic origin and the fate of this structure 
will have to t>e conducted before final decision 
can be made as to its nature. If it functions in 
the penetration of the larva into the snail host, 
an opening must develop at that time, and the 
granular contents may consist of secretory 
granules formed in a structure which might be 
homologous with a gut in other forms. 

The excretory system of the miracidium of Z, 
lunata roseinbles that described for other mem¬ 
bers of the Paramphistomidae. Two large flame 
cells, one on each side, measuring from 13 n to 
15 m in length of flame and from 6 n to 7 m in 
width, are located just anterior to the middle of 
the body (Figs. 6, 9). Each possesses a large 
spherical nucleus at the base of the flame. A 
collecting tubule passes posteriorly in loose coils 
from each flame cell to a level Ixdiiud the excre¬ 
tory pores, then loops forward to encircle the 
flame cell and again passes back to open at the 
excretory pore, which is located laterally just in 
front of the junction of the third and fourth tiers 
of epidermal cells (Fig. b). A large spherical 
vesicle lies just anterior to each flame cell in the 
miracidium during late development in the egg 
as well as after hatching (Figs. 5, 0). However, 
no morphological association could l>e estal>- 
lished l>etween them and the excretory system. 
No accessory excretory cells as described for the 
miracidia of Heronimm chelydrae by Lynch 
(1933) and no duct nucleus as reported for that 
of Diplodiscus temper at us by Krull& Price (1932) 
could be found in the miracidium of Z. lunata . 

Krull & Price (1932) and Bennett (1936) re- 
)x>rted 2 pairs of penetration gland cells in the 
miracidia of D. temperatvs and (\ cotylophonm 
respectively. They descried these glands as 4 
unicellular units extending from the base of the 
apical papilla backward for about one-fifth of the 
body length, with nuclei at their posterior ex¬ 
tremities. From the descriptions and figures, 
the 4 ducts which open anteriorly are each a part 
of one of the 4 gland cells. No indication is given 
concerning their role in penetration. In the 
present material of Z. lunata t 2 nuclei with clear 
areas around them were found on each side at a 
level near the junction of the first and second 
rows of epidermal cells. These nuclei, slightly 
ovoid in shape, were about 4 m in length. In 
spite of repeated observations on different 
miracidia at different stages of development, it 
was not possible to find any ducts leading an- 
teriad from these clear spaces around the nuclei. 

The greater portion of the posterior half of the 
miracidium is occupied by germinal tissue, which 


consists of about 40 germ cells as evidenced by 
their large spherical nuclei which measure from 
5 m to 8 m in diameter. In all miracidia observed 
after hatching, one or more germ balls were 

K nt in addition to the germ cells. Most of the 
e contain one large germ ball measuring 25 m 
across and consisting of al>out 16 cells with a 
definite membranous covering. This germ ball 
lies in the anterior half of the body behind the 
“gut” and between the flame cells. In some 
specimens an additional smaller germ ball could 
be identified. The germ balls and the larger 
germ cells lying in the central cavity of the 
miracidium appear to be completely free and not 
attached to any other structure. 

The nervous system consists of nerve cells and 
filers in association with a large ovoid mass 
lying dorsal to the “gut” and sending out pro¬ 
cesses laterally and posteriorly. Other processes 
probably extend forward but these were not 
observed. The dorsal nerve mass contains cells 
and fibers and measures about 25 m by 30 At- 
Large lateral processes could be observed in 
living miracidia wliile confined in the egg as well 
as after hatching. They could be traced to the 
body wall and were then lost. Very small cells, 
visible only with the aid of intra-vitam stains, 
lie scattered about outside of the central nerve 
mass. 

Two papillae protrude laterally through open¬ 
ings l>etween the ciliated epidermal cells at the 
level of the posterior border of the first tier of 
epidermal plates (Figs. 7, 8). They have been 
observed in numerous other species and have 
)>een variously called lateral papillae, anterior 
papillae, lateral processes and anterior ducts by 
different authors. They are probably sensory in 
function since in some forms they are described 
as being associated with the central nerve mass. 
They are about 6 m in diameter and their position 
between the epidermal plates is clearly shown in 
silver impregnations by large round spaces. 
Smaller but similar spaces appear at other points 
of union between the first and second tiers of 
cells, but no structural units associated with them 
could be identified in Z, lunata. Lynch (1933) 
observed a numl>er of small motionless bristles 
in this position in the miracidia of Heronimus 
chelydrae . 

Experimental Infestation of the 
Intermediate Host. 

The intermediate host in the life cycle of 
Zygocotyle lunata is the snail Helisoma anirosum. 
Naturally infected snails of that species provided 
the cercarial stage from which the adults were 
obtained and the complete life cycle demon¬ 
strated Laboratory-raised snails were experi¬ 
mentally infected with miracidia developed in 
eggs from feces of experimentally infected ducks 
and rats. Helisoma antrosum reproduces readily 
in the laboratory at all seasons of the year and 
was available in stock tanks at all times. All 
snails used in the infection experiments were 
laboratory-bred. Miracidia were strongly at¬ 
tracted to the snails, to pieces of snail or to snail 
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feces. To collect the rapidly-swimming mira- 
cidia from a dish, it was only necessary to place 
a snail in the dish and by the time one could 
place the dish on the stage of the microscope and 
focus on the snail, the miracidia would have 
gathered around it. They swim under and over 
and around the shell, occasionally attaching 
momentarily to the foot, edge of the mantle or to 
the shell, and then break away again and attach 
at some other point or even swim away to a 
different snail. If a snail is removed from the 
dish before penetration has occurred, the miraci¬ 
dia are attracted by the mucus left behind by the 
snail. No response to light could be observed. 
If no snail is present in the dish, the miracidia 
swim for periods up to 7 hours, settle to the 
bottom of the dish, and they may swim there in a 
narrow circle for a short time until death ensues. 

Miracidia were observed with snails for vary¬ 
ing lengths of time. In some cases miracidia 
disappeared under the shell within 15 minutes. 
Long and careful search failed to find them again 
and either they had penetrated or had been 
caught in the mucus secreted by the snail. This 
procedure was observed repeatedly, the time 
required for this apparent penetration varying 
from 15 minutes to 2 hours. In two cases, 
miracidia were seen to enter the space within the 
shell and attach to the base of the foot in a posi¬ 
tion perpendicular to it. Little progress, if any, 
toward penetration had occurred after one hour 
when observation was discontinued. 

In all the early attempts to infect Hdisoma 
antrosum, medium sized snails from 8 to 10 mm 
in diameter were exposed individually in separate 
finger bowls to 1 to 15 miracidia. Nineteen 
snails were thus exposed between January and 
June, 1938, but none of the snails became in¬ 
fected . After observing the apparent penetration 
of the larvae into the snails, successful infections 
were fully expected and no explanation could be 
offered for the negative results. On June 29, the 
writer, preparing to leave for Woods Hole, 
dumped aliout 40 eggs which were due to hatch 
2 days later, into a battery jar containing some 
very young lalxiratorv-raised snails. Mother 
batch of 70 eggs of Z. lunata due to hatch July 8 
was placed in a 2-gallon aquarium jar containing 
laboratory-raised snails of various sizes. Re¬ 
turning to the lal>oratory on August 17, the 
writer found encysted metacercariae on the glass 
in both jars. Isolation of the 42 snails showed 9 
infestations, all but one of wliich were in snails 
7 mm. or less in size. The single larger infected 
snail was 13 mm. in diameter. 

On August 27, 20 eggs of Z. Ivnata with 
miracidia ready to hatch were put into a finger 
bowl with 3 very young snails, each being about 
2 mm. in diameter, and 35 days later 2 of the 3 
snail6 began giving off cercariae. Young snails 
from 2 mm. to 6 mm. in size were used in all later 
experimental infection Mass infections using 
large numbers of miracidia in small aquarium 
jars containing from 20 to 75 snails were much 
more successful than when a single individual 
was exposed to a few miracidia in a separate 


dish. In such mass infections, from 10 per cent, 
to 55 per cent, of the snails became infected. 
Not less than 80 successful experimental infesta¬ 
tions of Heliaoma antrosum were obtained in 
which mature cercariae were produced. Many 
other experimentally infected snails were killed 
for dissection or sectioning during the early 
stages of the infestation. The miracidium meta¬ 
morphoses in the snail into a sporocyst which in 
turn produces rediae. The redial generation 
gives rise to cercariae which emerge from the 
snail from 32 to 49 days after penetration of 
the miracidium. 

The snail host may carry an infestation with 
Z. lunata for long periods. The 4 naturally in¬ 
fected snails from which the life history studies 
began wore collected in September and October, 

1937, at which time they were giving off cercariae 
in numbers up to 100 per day. Of these, one 
died on Deceml>er 29, 1937, 2 others died in 
April, 1938, and the 4th, which was recorded as 
a light infestation the previous September, lived 
until June 25, 1938. During this perioa they 
were kept isolated in finger bowls and fed lettuce 
leaves, and the water was changed about once a 
week. Many thousands of cercariae were pro¬ 
duced. Some of the experimental infections per¬ 
sisted equally long. From a group of 12 snails 
wliich began giving off cercariae on December 18, 

1938, seven were still living in the laboratory anti 
shedding cercariae after 9 months. From a size 
of not more than 5 mm. when infected they had 
grown to an average size of 15 mm. in diameter 
of shell. No snails were exposed to miracidia a 
second time after they were once infested with 
Z. lunata. None was observed to have lost the 
infestation and those which were crushed or 
died naturally after giving off cercariae for 9 
months still contained large numbers of immature 
and mature rediae and cercariae. The larvae 
infest most heavily the liver and gonads of the 
snail host but rediae and immature cercariae are 
found in considerable numbers in the lymph 
spaces and practically everywhere in the snail 
except in the lumen of the intestine. None of 
the snails produced any eggs after becoming in¬ 
fected, As seen in sectioned snails, the gonads 
are reduced to a few shreds of tissue or cannot be 
identified at all. 

Sporocyst. 

The sporocyst of Z. lunata was observed only 
in the mature condition. Attempts to find early 
sporoc.ysts by dissection of snails within a few 
days after exposure to miracidia were unsuccess¬ 
ful. Mature sporocysts were found in snails 
sectioned from 22 to 28 days after penetration of 
the miracidium. At this stage many rediae and 
immature cercariae are already free in the tissues 
of the snail. Usually no sporocysts can be found 
in an infected snail which has begun to shed cer¬ 
cariae, but one snail dissected 47 days after 
infestation, yielded a sporocyBt measuring 297 n 
in length and 195 m in width which contained a 
single well-developed redia and nothing else. 
On manipulation of the coverslip the wall was 
ruptured and the young redia emerged. All other 
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snails dissected later than 28 days after infesta¬ 
tion failed to yield sporocysts. No sporocysts of 
Z. lunata were found in the naturally infected 
snails studied. 

The mature sporocyst varies in shape from 
ovoid to elongate and is broader anteriorly than 
at the posterior end. It is a simple saccate 
structure with a body wall consisting of a cuticle, 
a membranous sheet and muscle fibers. Within 
the central cavity are germ balls and young 
rediae in various stages of development. The 
excretory system is that which is carried over 
from the miracidium and consists of a pair of 
flame cells with collecting ducts which ojien 
laterally a short distance behind the middle 
region of the body. A terminal bladder was ob¬ 
served on each side. 

A mature sporocyst found in sections of a 
snail killed 28 days after penetration of the 
miracidium contained 2 germ balls at the pos¬ 
terior end and 5 young rediae which occupied the 
central cavity. A reconstruction of this specimen 
is shown in Fig. 10. Each of the contained rediae 
shows a well-developed pharynx and an intestine 
which occupies most of the space within the 
young larva and extends nearly to its posterior 
border. The pharynx varied m diameter from 
23 m in the 2 individuals in the posterior region to 
27 fi in the young redia near the anterior end. 
Figure 14 is a photomicrograph of one of the 
sections of this sporocyst and shows parts of 4 
of the 5 rediae. The pharynges shown are those 
of the two posteriorly placed rediae. 

Redia. 

The redial generation of Zygocotylc lunata was 
described by Willey (1930) in a paper on Cercaria 
poconensris . Since Cmaria poconevms Willey, 
1930, is the larva of Z. lunata , the mature redia 
need not be again described here. However, 
since only naturally infected snails were available 
for the previous study, no information was ob¬ 
tained on the early stages of infestation. With 
an abundance of material from exjjerimentally 
infected snails it has been possible in the present 
investigation to make more complete observa¬ 
tions which reveal the presence of daughter 
rediae. 

In the earlier description (Willey, 193G) of the 
stages found in the snail, it was stated that, “All 
the snails examined showed very many rediae of 
all sizes, but no sporocysts or mother rediae were 
found.” Many very small rediae as well as 
larger ones are always to be found in crushed 
infected snails, even in those killed 9 months or 
longer after experimental or natural infestation. 
This fact indicated strongly the existence of two 
generations of rediae, since the sporocyst disap- 
l>ears early in the course of the infestation. Ac¬ 
cordingly, in the present study, experimentally 
infected snails were dissected or sectioned at 
different periods following penetration of the 
miracidium of Z. lunata. Most of the observa¬ 
tions were made on living material from crushed 
snails, but sections of infected snails also show all 
the more important stages. 


In some of the snails crushed during early 
stages of the experimental infestations, mother 
rediae were found which contained only a single 
daughter redia and a few undeveloped germ balls 
near the posterior end. A specimen of this type 
shown in Fig, 11 was 330 long and its pharynx 
measured 33.4 m in diameter. The daughter 
redia was 198 n in length and its pharynx also 
measured 33.4 m in diameter. The young redia 
showed considerable movement within the parent 
and its intestine extended back more than tluree- 
fourths of the length of the body. In this early 
stage of infestation no cercariae were as yet to be 
found free in the tissues of the snail, but rediae 
were also present which contained only devel¬ 
oping cercariae (Fig. 15). In a group of snails 
crushed 20 daj r s after experimental infestation, 
numerous rediae were present which contained 
a single daughter redia and 3 to 6 germ balls 
which were not as yet differentiated. In no case 
could more than a single daughter redia be 
identified within a parent redia. 

Infected snails, killed 25 days or later after 
penetration of the miracidium, contained mother 
rediae with one daughter redia and numerous 
immature cercariae. Few such mother rediae 
were present in any one snail, but all snails 
examined between 25 and 47 days following in¬ 
festation contained this stage in addition to 
many rediae in which only cercariae could be 
observed. The identification of the different 
larval stages within the same mother redia was 
unmistakable. The single daughter redia seen 
in Fig. 13 showed much movement, squirming 
and turning around actively. The several cer¬ 
cariae present were larger and showed no move¬ 
ment. The well-defined pharynx in the daughter 
redia measured about 30 m in diameter, while the 
oral sucker of a developing cercaria is much 
larger, when it first becomes definable, than the 
pharynx of a large mature redia. Further, in 
some cases the eye-spots of the cercariae had 
begun to develop. The cones of cilia in the flame 
cells of daughter rediae are from 11 to 13 a* in 
length, whereas those of cercariae of this species 
are only from 5 to 7 m long. 

Mother rediae containing both a daughter 
redia and cercariae w r ere found in laboratory- 
infected snails studied during the period from 
August to March, but it seems probable that 
rediae are produced singly by mother rediae 
throughout the course of the infection. This is 
indicated by the fact that infected snails at all 
stages of infestation always contain great num¬ 
bers of mature and immature rediae of various 
sizes free in the tissues. They must be produced 
more or less continuously in the snail host and 
emerge from the parental generation at a rela¬ 
tively early stage. All daughter rediae observed 
were located in the anterior region of the mother 
rediae and they are always produced singly. 
Rediae containing only a daughter redia and no 
cercariae (Fig. 11) are small and are found only 
in the early stages of the infestation, ltediae 
containing both a single daughter redia and 
cercariae were all older and larger individuals 
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measuring from .7 mm. to .9 mm. in length. 
The redia shown in Fig. 13 was .792 mm. long 
and contained a daughter redia measuring .335 
mm. by .066 mm., while that in Fig. 12 was .860 
mm. in length and contained a much younger 
daughter redia which measured .172 mm. in 
length and .063 mm. in width. These facts sug¬ 
gest the probability that each redia produces one 
(laughter redia and proceeds from that time on 
to produce cercariae only. This would explain 
the presence of rediae of all sizes during all 
stages of the long-term infestation in this species. 

The rediae move sluggishly when freed from 
the snail, and in a watch glass usually remain in 
one place with only slight changes in l>ody shape 
due to muscular Contraction. No locomotor ap¬ 
pendages are present at any stage. Twelve flame 
cells are present in the mature redia of Z. lunata 
while only 6 appear in younger individuals. 
Most amphistome rediae described show a total 
of only 6 flame cells in the excretory system of 
the mature redia. Looss (1892) mentions 4 flame 
cells on one side in the redia of Diplodisens sub - 
clavatus and Krull & Price (1932) figure a total 
of 7 in that of Diplodiscus temperatus. Looss 
(J896) described 5 pairs of flame cells in the 
mature redia of Paramphistomvm cervi. 

A daughter generation of rediae has been 
described for several s|>ccies of ainphistomes. 
Looss (1896) reported more than a single gener¬ 
ation of rediae in Gastrodiscvs aegyptiacus and in 
Paramphistomvm cervi. In life history studies 
on P. cervi , neither Takahashi (1928) nor Szidat 
(1936) were able to find any evidence for a second 
generation of rediae. Beaver (1929) described 
2 generations of rediae in Allassostoma parvum. 
Le Roux (1930) indicated that mother rediae 
occurred in the life cycle of Cotylophoron cotylo - 
phorum and Bennett (1936) found one specimen 
of a mother redia in that species. Krull & Price 
(1932) reported only one redial generation for 
Diplodiscus temperatus , but Herber (1938) 
demonstrated both mother and daughter rediae 
in that species. The development of rediae and 
cercariae within the same mother redia is known 
for only one other species of amphistome, and the 
present work constitutes the second report of 
this condition in ainphistomes. Ixioss (1896) 
described a redial generation of this type in 
Gastrodiscus aegyptiacus. He figures a redia con¬ 
taining 3 daughter rediae and 3 cercariae and 
states that rediae containing only cercariae are 
rarely encountered in that species. 

Some authors have postulated that in certain 
forms a definite number of rediae and cercariae 
are produced. In the absence of experiments 
with known numbers of miracidia infecting the 
snails, no definite conclusions can l>e reached in 
this regard in any species of trematodes. In 
Zygocotylcy the finding of only small numbers of 
mother rediae containing single daughter rediae 
and cercariae togethe# indicates that the produc¬ 
tion of rediae is a continuous process and is not 
limited to a definite number. Variations may 
occur in the redial generations in the snail under 
natural conditions accompanying seasonal 


changes. Experimentally infected snails kept 
under laboratory conditions do not always afford 
sufficient information on which to base conclu¬ 
sions concerning the prevalence and numbers of 
the various larval stages. The course of events 
probably varies with changing conditions. Much 
work still remains to be done on these problems 
of development. 

Cercaria. 

The cercaria of Zygocotyle lunata was named 
Cercaria poconensis in an abstract by Willey 
(1930), and in 1936 he described the redial and 
cercarial generations together with a report of 
infestation experiments with the raetacercarial 
stage. The cercaria need not be redescribed here 
and only additional information not available 
from the earlier studies will be presented. The 
material from which 0. poconensis was described 
and that from which the life history of Z. lunata 
is demonstrated in the present study are unmis¬ 
takably identical. The size and the shape and 
distribution of the body organs in the two groups 
of specimens agree perfectly. The size measure¬ 
ments vary somewhat with different degrees of 
flattening. For example, the oral sucker in fixed 
and unflattened cercariae shows an average 
measurement of .064 mm. in diameter, while in 
living specimens, flattened under medium pres¬ 
sure, it may be as large as 106 mm. across. The 
oral sucker and oral evaginations together 
measure .165 mm. in length in fixed, unflattened 
individuals. 

Nasmark (1937), in a revision of the Param- 
phistomidae, has attempted to show that the 
sucker at the anterior end in ainphistomes is a 
pharynx rather than an oral sucker On the 
basis of histological studies, he believes that this 
structure is homologous with the pharynx of the 
monogenetic trematodes and the rhabdocoel 
turl>ellarians, and states that contrary to the 
opinion of Looss (1902) and others it should lie 
designated a pharynx However, due to the 
incomplete nature of Nasmark's evidence, the 
conclusions are not accepted by the present 
author and the sucker is here referred to as an 
oral sucker. Fischoeder (1903) referred to the 
anterior sucker of Z. lunata as a pharynx, causing 
some misinterpretation in the literature, but all 
the more recent authors have preferred to call it 
an oral sucker. Until final conclusive evidence 
is forthcoming, the terminology currently used 
seems more desirable. 

The posterior overhanging lip of the acetabu¬ 
lum with its 2 lateral conelike projections (Figs. 
21, 22), which arc so characteristic of the genus 
Zygocotyle in the adult stage, were not observed 
in the earlier studies on the cercarial stage. But 
after it became known that this cercaria was the 
larval stage of Zygocotyle , the lip and conical 
projections were observed from the ventral sur¬ 
face of cercariae when under only slight pressure. 
This modification of the acetabulum is present 
on the cercaria in an immature condition. 
Figure 16 is a photomicrograph of a living cer¬ 
caria under medium pressure and shows the 
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relationships of the various organ systems. The 
characteristic branching of the main excretory 
ducts is clearly outlined by the presence of ex¬ 
cretory concretions. Drawings from both living 
and fixed material of redial and cercarial genera¬ 
tions appear in the earlier description (Willey, 
1936). 

The cercaria leaves the redia while still in a 
very immature condition. The intestine, oral 
sucker, acetabulum, eye-spots, tail rudiment and 
the excretory system, already laid down while 
the cercaria is in the redia, continue their devel¬ 
opment after emergence. Some variation occurs 
in the size and degree of differentiation of the 
cercariae at the time of emergence. Young 
cercariae are frequently observed free in the 
tissues of the snail which have not developed as 
far as other cercariae which are still within nearby 
rediae. 

In experimental infestations, young cercariae 
were first found free in the tissues of snails 
crushed 16 days after exposure to miracidia. In 
other snails, crushed 20 days after cx}K)sure to 
miracidia, none had as yet emerged from the 
rediae The rate of development is known to 
vary with temperature conditions. The time 
required for the complete development of the 
cercaria, from penetration of the miracidium 
until shedding of the first mature cercaria from 
the snail, varied in the laboratory from 32 days 
during the warmer months to 49 days during the 
winter. 

After emergence, cercariae swim about vigor¬ 
ously in the water at the side of the container 
toward the light for 30 minutes to 2 hours They 
respond very rapidly to changed lighting condi¬ 
tions and will follow" a beam of light moved about 
from one side of the dish to the other. Encyst- 
rnent occurs on the side of the dish toward the 
light, on the shell of the snail, or occasionally on 
vegetation. If handled or otherwise irritated 
they encyst almost immediately, often attaching 
and encysting within a dropper when being 
transferred to a slide for examination. If placed 
on a slide in a small amount of water, a coverglass 
must be added immediately to prevent encyst- 
ment. The shell of a snail producing cercariae is 
usually crowded with encysted met a cercariae. 
Cercariae emerge in greatest numbers between 
10.00 A. M. and 2.00 P. M. and usually only on 
bright days. On dull, rainy days very few or 
none escape, while on bright^ sunny days as many 
as 100 may emerge from a single infected snail at 
the peak of the infestation. Cercariae may be 
produced from an infected snail for 9 months 
and longer, but the number of cercariae escaping 
each day decreases as the snail remains longer in 
the laboratory. Little difference could be ob¬ 
served between the numbers of cercariae pro¬ 
duced in naturally and experimentally infected 
snails. 

Metacercaria. 

The cercaria encysts and passes into the meta- 
corcarial stage in which it awaits ingestion by 
the final host. The process of encystment is very 


rapid. The cercaria attaches itself by means of 
its suckers, the tail vibrates from side to side 
somewhat more slowly than in swimming, and 
the body appears to undergo rapid squirming 
movements. Cystogenous material then oozes 
out rapidly over the surface of the body from the 
elliptical cystogenous granules which occupy 
most of the dorsal half of the cercaria. The cyst 
wall forms rapidly and the tail is left attached to 
the outside of the cyst, where it lashes violently 
for an hour or more and then drops off, sinks to 
the bottom and may continue lashing about for 
several hours. The body of the cercaria twists 
and turns about during the process as though 
molding the inner w r all of the cyst. Finally the 
cyst wall hardens, the metacercaria coils about 
in the cyst and after several hours becomes rela¬ 
tively motionless with suckers apposed, periodi¬ 
cally undergoing slight twitchings and contrac¬ 
tions in various regions of the body. 

The cysts are large dome-shaped hemispheres 
with thick resistant walls which are brown to 
black in color when seen with the naked eye. 
The base of the cyst flares out slightly from the 
margin of the cyst projjer (Fig. 18). When 
formed on glass they are flat on the bottom and 
the greatest diameter shows an average measure¬ 
ment for 10 metaecrcariae of .368 mm. The 
diameter at the base of the dome varies in 10 
individual cysts from .277 mm. to .343 mm., the 
a\erage being .289 mm. Figure 19 is a photo¬ 
micrograph of a 10-day old metacercaria which 
has been dissected from its cyst. When removed 
thus in water or salt solution, they contract and 
undergo little or no movement Much black 
pigment is present in the body wall and this tends 
to obscure the internal structures, which show no 
advance in development over the condition 
found in the cercaria. The black pigment of the 
eye-spots and body persists throughout meta- 
cercarial life and scattered granules of eye-spot 
pigment are still present after 3 weeks of devel¬ 
opment in the final host (Figs. 21-23). 

Infestation Experiments with Metac<rcaria (. 
Early attempts to infest the final host with the 
metacercaria of Z. htnata were conducted, using 
cold-blooded hosts. As outlined by the writer in 
an earlier paper (1936), encysted metacercariae 
were fed to tadpoles but all the experiments were 
negative. In 1937, following unsuccessful at¬ 
tempts to infest turtles with the larvae, some of 
the metacercariae were dissected from their cysts 
and placed in cold Ringer's fluid at 20° CL All 
w r ere dead after 3 hours. Artificial digestion of 
some of the metacercariae from their cysts with 
pepsin and panereatin solutions at 37° C. indi¬ 
cated that the final host was a warm-blooded 
animal. Under this treatment the cyst walls 
became soft and movement of the metacercaria 
was observed after 4 hours. After 10 hours and 
up to 20 hours of artificial digestion, young 
worms were still alive in the cysts while others 
showed much activity on being released from the 
cyst. 

Consequently on Octol>er 8, 1937, 2 young 
laboratory-raised rats were each fed about 65 
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metacercariae obtained from the naturally in¬ 
fected snails as described earlier in the paper. 
Five days later one of the rats was killed and 
yielded 59 young worms in the cecum with none 
above or below this level in the intestine. De¬ 
velopment had proceeded far enough to permit 
identification of the worms as Zygocotyle. The 
small cone-like projections on the interior edge 
of the acetabulum are well developed at this 
stage (Fig. 20). The worms, still immature, 
show average measurements for 10 of them of 
.940 mm. in length and .460 mm. in width. 
The common natural hosts of Zygocotyle arc 
various species of ducks. Thirteen voung ducks 
were subsequently fed varying numbers of cysts 
and all became infected. Similarly, in the course 
of the investigation, more than 60 rats and one 
ram were experimentally infested. Attempts to 
infect pigeons and rabbits gave negative results. 

In order to determine the time required for 
the young worms to mature in the final host, 
fecal examinations were conducted almost daily 
on some of the experimental hosts. Two ducks, 
(nos. 1 and 3) fed metacercariae on October 14, 

1937, began giving off eggs of Zygocotyle in fecal 
material on November 24, or on the 41st day of 
infestation. Duck number 3 was killed 5 clays 
later and contained 7 mature specimens of 
Zygocotyle hinata , 5 in one cecum and 2 in the 
other. Similarly 4 rats (nos. 3, 4, 5 and 6) were 
fed from 30 to 40 encysted metacercariae each on 
Octof>er 14, 1937. On November 24, when the 
2 ducks described above showed eggs in the feces, 
the rats were still negative. One rat, number 5, 
killed on November 28, the 45th day, contained 
23 Zygocotyle , several of which showed a few eggs 
in the uterus near the ovary, but none was fully 
mature as yet. Eggs of Z. lunata from this series 
of rats first appeared in the feces of rat number 6 
on the 46th day after infestation. This rat was 
killed on December 4, the 51st day after the 
experimental feeding, and contained 8 fully 
mature Zygocotyle lunata in the cecum. The 
more rapid development in the duck may pos¬ 
sibly be due to the higher body temperature 
maintained by that host. This difference was 
confirmed in other series of infected rats and 
ducks, the data for which will be described later. 

Thus, beginning with cercariae from naturally 
infected snails, all stages in the development of 
the adults of Zygocotyle lunata were obtained in 
rats and (lucks. As descril>ed in the earlier 
sections of the present paper, eggs from feces of 
the experimental hosts were embryonated to 
produce miracidia which were experimentally 
introduced into laboratory-raised snails. In the 
snail, Heluoma aniromm, the sporocyst and the 
redial and cercarial stages were obtained and the 
complete cycle was carried out several times in 
the laboratory. 

Experiments on Infectivity of Metacercariae. 
After encystment the*metacercaria remains quie¬ 
scent and awaits ingestion by the final host. No 
development occurs within the cyst. Metacer¬ 
cariae dissected out or freed from their cysts by 
artificial digestion after one day of encystment 


are in no way distinguishable from those similarly 
freed after 20 or 30 days. This observation was 
confirmed by feeding experiments with rats. 
Cysts in a few drops of water were placed on 
small pieces of bread and given to the rats after 
witliholding all food for 24 hours. In an experi¬ 
ment conducted on December 30, 1937, rat 22 
was fed 100 metacercariae which were 14 days old 
and rat 25 was fed 100 metacercariae which were 
85 days old. Both rats were killed 15 hours after 
ingesting the larvae and each rat yielded more 
than 30 exeysted worms in the cecum. Some 
larvae wore still within their cysts and none 
could be found anywhere in the digestive tract 
other than in the cecum. No significant differ¬ 
ence could be detected between the two groups of 
young worms. All were equally active and the 
number of worms found was approximately the 
same in the two hosts. In an experiment de¬ 
signed to detect any changes which might occur 
immediately after encystment of the metacer- 
caria, rat 12 was fed 50 newly encysted larvae, 
some with the cercarial tail still attached and the 
cyst wall still soft, and rat 11 was fed 70 meta- 
corcariae which were 47 days old. Both rats 
were killed 3 days later and yielded young worms 
in the ceca which were practically indistinguish¬ 
able morphologically in the two hosts. Thirty- 
five worms were collected from rat 12 which re¬ 
ceived 50 newly formed cysts and 60 worms 
were obtained from rat 11 which received 70 
cysts 47 days old. A few cysts are probably 
destroyed by the rat in the chewing of the bread. 
In a third experiment, one rat (no. 23) was fed 
15 metacercariae which were 2 days old and 15 
which were 32 days old. This rat was killed 6 
days later and the 20 young worms collected 
from the cecum showed no significant differences 
in size or degree of differentiation. The rate of 
development of Zygocotyle lunata to sexual 
maturity is not correlated with the age of the 
metacercaria at the time of its ingestion. These 
experiments show conclusively that no develop¬ 
ment occurs in the cyst of Z. lunata and also that 
the encysted metacercariae are infective im- 
mtKliately after encystment. 

Longevity , In one of the foregoing experi¬ 
ments, metacercariae, encysted for 85 days, were 
viable when fed to rat 25. In a series of longevity 
experiments, it was determined that the meta¬ 
cercaria will live much longer than that. En¬ 
cysted metacercariae were kept at room tem¬ 
perature in the laboratory in covered finger 
bowls attached to the glass wall where first 
deposited, and the water was not changed except 
to add water occasionally to make up for evapo¬ 
ration. Metacercariae not older than 3 months 
were viable and when fed to rats produced in¬ 
festations with Z. lunata. Encystea larvae older 
than 4 montlis gave variable results (Table 2). 
The oldest metacereariae which successfully 
produced an infection in rats had been in the 
laboratory for 138 days. In this experiment rats 
48 and 49 were each fed 50 metacercariae from 
cercariae emerged from snail number 2 on Janu¬ 
ary 30, 1938. Movements of the larvae within 
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Table 2. 

longevity of encysted metacercariae of Zygocotyle lunata. 

Host and date Age of Number of Elapsed time Number of 
of feeding metacercariae metacercariae before killing worms 
metacercariae in days ingested host (Days) recovered Remarks 


Rat 34 

86 

10 

June 2, 1938 

Rat 35 

86 

10 

June 2,1938 

Rat 30 

121 

100 

Veb. 3, 1938 

Rat 29 

131 

100 

Feb. 3, 1938 

Rat 46 

130 

50 

June 9, 1938 

Rat 47 

130 

50 

June 9, 1938 

Rat 48 

138 

50 

June 17, 1938 

Rat 49 

138 

50 

June 17, 1938 

Rat 63 

152 

50 

Feb. 10, 1940 

Rat 44 

166 

150 

June 4, 1938 

Rat 45 

166 

150 

June 4, 1938 

Rats 64, 65, 66, 67 

171 

25 each 


Feb. 29, 1940 


the cyst were observed before feeding. Seventy- 
four days later many eggs of Z. lunata were col¬ 
lected from feces of both rats and when these 2 
rats were killed after 6 months of infestation, 
large, adult specimens of Z. lunata were re¬ 
covered. In a similar experiment with rats 40 
and 47 (Table 2), metacercariae 130 days old 
were fed and when the rats were killed 9 days 
later, 23 young worms were reco\ creel from the 
cecum of rat 40 and 28 from rat 47. As indicated 
in Table 2, cysts 152, 160 and 171 days old re¬ 
spectively were fed to rats but no infestations 
resulted. 

Some variation in longevity occurs. In the 
experiment involving rats 29 and 30, no infection 
was obtained from metacercariae aged 131 and 
121 days respectively, although movement was 
detected within the cyst. Minor variations in 
other factors would readily account for such 
slight variations in longevity and infectivity. 
That these are not due to individual differences 
in the host reaction is indicated by the fact that 
in most of the experiments dealing with longevity 
of metacercariae, 2 host animals were fed similar 
numbers of larvae produced from the same snail 
host on the same dates, and in each case the re¬ 
sults were always the same in the 2 hosts con¬ 
cerned. 

No evidence is available as to what constitutes 
optimum conditions for long survival of encysted 
metacercariae. Bennett (1936) reports that 
under optimum conditions the metacercaria of 
Cotylophoron cotylophorum probably lives for 
several months. In his experiments, he pre¬ 
sumably kept them at room temperature and 
after 3 months (June 5 to September 5) 33 per 


11 3 

11 8 

46 0 Movement observed in 

cyst before feeding to rat 
46 0 Movement observed in 

cyst before feeding to rat 
9 23 Movement observed in 

cyst before feeding to rat 
9 28 Movement observed in 

cyst before feeding to rat 

169 1 Eggs in feces after 74 th 

day 

169 2 Eggs in feces after 74th 

day 

11 0 CystR shrunken 

Movement in 10% 

9 0 Cysts not examined 

9 0 Cysts not examined 

5-10 0 Cysts shrunken 

No movement observed 


cent, were still alive. At this point observations 
were discontinued. Krull (1934) kept metacer¬ 
cariae of the same species alive under the same 
conditions for as long as 5 months from July 2 
until December 2. Both of tliOvse workers used 
the criterion of movement of the metacercaria to 
determine its life span. As indicated by the 
data on rats 29, 30 and 63 (Table 2), movement 
in the cyst shows the metacercaria of Z. Ivnata 
to be alive as long as 5 months, but such larvae, 
when fed to the final host, were m these three 
attempts unable to survive conditions within the 
final host. It seems probable that motility is not 
a valid criterion of infectivity. 

Experimental Studies on Viability of Mcfa- 
cercaria e. Ex perimental feedings conducted with 
rats show that at least 85 per cent, of the meta¬ 
cercariae of Z. lunata excyst and survive for a 
time in the final host. The percentage of viable 
metacercariae is probably higher since some of 
the cysts may be destroyed in the chewing proc¬ 
ess by the rat host. The number of meta¬ 
cercariae which have exeysted and are recover¬ 
able as young worms is seen to be very high if the 
host is killed within the first few days after 
ingestion of the cysts, because, as will be shown 
later, the host may begin to lose some of the 
worms as early as the second or third day. 
Table 3 shows the number and percentage of 
worms obtained in 10 experiments in which the 
hosts were killed within the first " 1 days. The 
liigh percentage of viability of metacercariae is 
shown in feeding experiments with ducks as well 
as rats. For example, duck 3a, fed 150 encysted 
larvae and killed 11 days later, yielded 144 young 
worms in the ceca. 
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Table 3. 

Viability of encysted metacercariae of Zygocotyh 
lunata. 


10 (lays later contained no worms. Apparently 
the encysted metacercariae do not survive for 
long when exposed to the air. 
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Metacercariae 
ingested by host 
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Hat 7 

90 

12-18 

2 

85 

94 4 

Rat 11 

70 

47 

3 

60 

85 7 

Rat 12 

50 

0-2 lirs. 

3 

35 

70 

Rat 1 

65 

8 

5 

59 

90 7 

Rat 23 

30 

2-32 

6 

20 

60.6 

Rat 6a 

60 

1-3 

7 

55 

91 6 

Rat 6b 

80 

30 

7 

74 

92 5 

Rat 3 

30 

11-14 

11 

25 

83 3 

Rat 36 

75 

30-30 

11 • 

60 

80 

Duck 3a 

150 

9-16 

11 

144 

96 


Average percentage of viability over 11 days 85% 


In order to determine the effect of low tem¬ 
perature on metacercariae, a finger bowl con¬ 
taining several hundred larvae encysted on the 
glass was placed outside on a window sill on 
March 2, 1938, for 11 days, during which time 
the temperature varied from 8° Fahrenheit to 
45° F. During the night of March 3 the temper¬ 
ature dropped to 8° F. and the water in the dish 
was frozen solid for at least 15 hours. The dish 
was then brought into the laboratory, and as the 
ice melted the cysts came loose from the wall of 
the dish and fell to the bottom. They were 
examined several hours after all the ice had 
melted and were found to contain living meta¬ 
cercariae actively moving within the cyst. 
About 120 of these metacercariae were fed to rat 
31 which was killed 16 days later. Eighty 1 ti-day 
old worms were recovered from the cecum. The 
rest of the cysts had been again placed outside, 
exposed to freezing temperatures almost every 
night. After 10 days of such exposure, some 
were fed to rat 33, which, when killed 11 days 
later, showed only 6 worms in the cecum. The 
experiments demonstrate that encysted meta¬ 
cercariae of Z . lunata are able to withstand 
complete freezing of the water around them for 
at least 15 hours and that some are still viable 
after 10 days of alternate freezing and thawing. 
This phase of the problem was not carried further 
because consistently low temperatures were no 
longer available. 

The metacercariae of Z. lunata are unable to 
withstand prolonged drying. A finger bowl con¬ 
taining several hundred viable larvae (30 days 
old) encysted on the glass was left uncovered 
without water in the laboratory on March 2, 
1938. Twenty-four hours later a few cysts were 
scraped off and examined and the larvae still 
looked normal and showed occasional movements. 
After 48 hours, more were removed and although 
the metacercariae looked normal no movement 
was observed. Water was again placed in the 
dish and metacercariae examined on the next 
day still showed no movement, One hundred of 
the cysts were fed to rat 32 which when killed 


Development in the Final Host. 

Observations recorded in the literature on 
development of amphistomes in the final host 
are very fragmentary, consisting of only a few 
scattered and incomplete reports. In the present 
study, an attempt is made to investigate this 
stage in the life history rather completely sinca 
the experimental hosts, rats and ducks, are 
favorable for such studies. These hosts show 
practically a 100 per cent, susceptibility to in¬ 
fection with metacercariae of Zygocotyle lunata. 
All the ducks (13) fed became infected on the 
first experimental feeding, as did all the rats 
(more than 60) except those few which were fed 
metacercariae shown experimentally to be not 
viable. Both rats and ducks were given the 
encysted larvae in a few drops of water which 
was soaked up in small pellets of bread. The 
pellets were pushed down the tliroats of the 
ducks, and the rats after having food withheld 
for 24 hours ate the bread readily. Tn some cases 
the piece of bread was moistened with milk to 
hasten its ingestion by the rats. Apparently 
few of the cysts were destroyed in the chewing 
process, for as described previously, at least 85 
per cent, of the metacercariae developed in the 
experimentally-fed rats (Table 3). 

The single sheep (an adult ram) which became 
infected with Z . lunata did not take the infesta¬ 
tion on the first feeding. On October 21, J937, 
the ram was given 109 viable metacercariae 
which were mixed with a handful of moistened 
oats in a porcelain evaporating dish The cysts 
stuck to the moist oats and were undoubtedly 
ingested. Ten fecal examinations were made 
between November 26, 1937, and March 1, 193S. 
All were negative. The cysts may have been 
destroyed in the chewing process. On March 3, 
400 metacercariae were placed in a small amount 
of water in an evaporating dish. Since the ram 
had been deprived of water lor 48 hours he drank 
the water and swallowed most of the cysts. He 
was similarly given 600 metacercariae two days 
later. In three examinations conducted on May 
19, 21 and 26, eggs of Z. lunata appeared in con¬ 
siderable numbers in the feces. Since the ram 
was being used for other experiments, no oppor¬ 
tunity was afforded to follow the course of the 
infestation or to obtain the worms. Therefore, 
this host record rests entirely on the presence of 
eggs of Z. lunata in the feces. However, since 
thousands of eggs of this species had been col¬ 
lected and studied from the rats and ducks during 
this period, little, if any, possibility of error in 
identification of the eggs exists. The only other 
flatworm to which the ram was exposed was the 
tapeworm, Moniezia , It also carried nematode 
worms, as evidenced by the presence of nematode 
eggs in the feces from time to time. 

Two pigeons were each fed 50 viable meta¬ 
cercariae on October 23, 1937. Fecal examina¬ 
tions were consistently negative, and, when on 
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January 29, 1938, both were killed, no worms 
were found. Similarly a rabbit fed metacercariae 
showed no eggs of Z. lunata in the feces and no 
worms were found when it was killed 58 days 
later. No attempts were made to infest other 
pigeons and rabbits. 

In nature, the final host becomes infected with 
Z. lunata by ingesting the encysted larva from 
pond weeds, or ducks may eat small snails, the 
shells of which bear encysted metacercariae. In 
the laboratory, the snails, both naturally and 
experimentally infested, and other snails which 
may be in the same dish, become encrusted with 
many cysts. The 3 cysts 6hown in Fig. 18 are 
held together by an underlying piece of thin 
snail shell on which they were deposited. Simi¬ 
larly some of the uninfected Helisoma antrosum 
collected along with those naturally infected 
carry a few cysts on their shells. 

Excystment probably does not occur in the 
upper intestine. Rats 22 and 25 were each fed 
100 viable encj^sted larvae on December 30,1937, 
and were killed fifteen hours later. In both 
cases examination of the small intestine yielded 
no young worms or encysted larvae in that region. 
In the cecum many newly excysted worms, most 
of which were not yet attached to the wall of the 
cecum, were found. Only 30 were collected from 
each of the hosts, although many more were 
present. The ceca of both rats contained numer¬ 
ous metacercariae which were still encysted. 
In rat 22, 25 were collected and these when dis¬ 
sected out from within the softened cyst wall 
were alive and active. From this observation 
and the fact that at least 85 per cent, of the 
metacercariae regularly excyst and develop for 
at least several days in the final host (Table 3), 
it seems apparent that excystment usually occurs 
in the cecum in rats. No evidence on this point 
is available for ducks. 

Zygocotyle lunata occurs normally as a parasite 
in the cecum of certain water birds, and has been 
reported from the cecum in the ruminants, 
Cervus dichotomvSj by Diesing (1830), and Bos 
taurus , by Price (1928). In the present studies, 
specimens collected from experimentally infected 
ducks were always found in the ceca except for 
one worm in the bursa of a duck killed 14 days 
after infestation. No specimens were present in 
the intestine of any of the ducks examined. In 
the experimental rats the worms were usually 
found only in the cecum, but in each of 2 cases, 
2 worms were found in the large intestine. In 
agreement with the opinion of Gower (1938), it 
is believed that the intestine in birds is an ab¬ 
normal habitat for Zygocotyle , and that the para¬ 
sites merely move out of the cecum after the 
death of the host. Specimens located in the 
large intestine of the rat are on the way out of the 
host in the normal reduction of numbers that 
occurs. As will be described later in the present 
paper, the parasites are still intact when extruded 
with the feces. The wonns were usually found 
within one inch of the distal ends of the ceca in 
freshly killed ducks. 


Table 4. 

Experimental infestation of ducks with Zygocotyle 
lunata. 


Host No. and 
date of first 
feeding 

<» 

ct 

*C 

4 

1 

X 

9 

So 

o 

I i 


•a fee 

9* S3 
£ M 
<D 

Number of 

worms 

reco% ered 

Nuin 

meta 

fed 

3 

A 

0) 

OQ 

si 

3 3 

■M «£h 

1 

Dajs 

befor 

host 

1, 10/14/37 

50 


41 


744 

0 (Eggs in 






10/28/39 

feces on 
10/26/39) 

2, 10/14/37 

50 


— 


14 

4 

3, 10/14/37 

50 


41 


47 

7 

4, 10/30/37 

100 


—• 


14 

6 

10/14/37 

1? 


- 


31 

1 

5, 12/13/37 

5 


— 


7 

1 

la, 11/20/37 

100 


44 


359 

2 

2a, 11/20/37 

100 


44 


56 

17 

3a. 11/20/37 

150 




11 

144 

4a, 11/20/37 

60 


- 


286 

10 

5a, 11/20/37 

60 




507 

5 

Oa, 11/20/37 

60 




711 

3 

12, 7/1 S/39 

100 


42 


- 

- 

13, 7/J 8/39 

100 


42 


— 

— 


Home variation exists in the time required for 
Z. lunata to develop to sexual maturity. In 
ducks, they develop more rapidly than in rats. 
As indicated by the earliest appearance of eggs 
of Z . lunata in the feces, ducks 1 and 3 contained 
sexually mature worms at 41 days, ducks 12 and 
13 at 42 days, and ducks la and 2a on the 44th 
day after experimental infestation (Table 4). 
A greater amount of variation was observed in 
the time elapsed before appearance of eggs in the 
feces of the rat hosts. As shown for 0 of the rats 
in Table 5, the required time varied from 46 to 
51 days. The rate of development is influenced 
to some extent by the number of worms present. 
Rat 6, in which the worms developed to maturity 
most rapidly, harbored only 8 large, mature 
specimens when killed five days after the first 
appearance of eggs in the feces. On the other 
hand, rats 8, 10 and 15, in which from 58 to 61 
days were required before eggs appeared in the 
feces, harbored 23, 30 and 34 specimens respec¬ 
tively, when killed a few days later (Table 5). 
Rats 8 and 15 contained some specimens which 
were still not quite mature and contained no eggs 
in the uterus. The variation is probably related 
to the large number of worms present, since, as 
will lie shown later, the rate of development is 
influenced by crowding. When only a few speci¬ 
mens are present, they tend to be all of the same 
size and at the same stage of development, 
whereas in hosts harboring many worms, the 
size and rate of development vary considerably. 
For example, rat 15, killed 70 days after a single 
feeding of metacercariae, contained 34 specimens 
of Z. lunata which after fixation varied in length 
from 3.4 mm. to 5.4 mm. and in width from 1.5 
mm. to 1.9 mm., and some were not yet sexually 
mature although as stated above, eggs were 
present in the feces ten days earlier, indicating 
that some were mature at that time. 

The faster rate of .development of Z, lunata to 
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Table 5. 

Reduction in number of worms with increase in age 
of infestation in rats. 



26 

150 

20-30 


22 

120 

80 

4 

30 

10-14 


23 

25 

83 3 

5 

30 

10-14 


45 

23 

76 

6 

30 

10-14 

46 

51 

8 

26 

8 

70 

12-18 

58 

59 

23 

32 

10 

70 

12-18 

61 

61 

30 

42 

15 

50 

20-40 

60 

70 

34 

68 

13 

50 

20 40 


92 

28 

56 

14 

50 

20-40 


92 

2 

4 

48 

50 

138 


169 

1 

2 

41) 

60 

138 


169 

2 

4 

37 

75 

10 30 


184 

2 

2 6 

38 

75 

10-30 


184 

0 

0 

39 

75 

10-30 


184 

3 

4 

40 

75 

10-30 


184 

3 

4 

41 

75 

10-30 


184 

0 

0 

42 

75 

10-30 


184 

3 

4 

43 

75 

10-30 


184 

3 

4 

16 

50 

20-40 


193 

0 

0 

17 

50 

20-40 


193 

0 

0 

18 

50 

20-40 


193 

5 

10 

19 

50 

20-40 


193 

0 

0 

20 

50 

20-40 


193 

0 

0 

21 

60 

20- 40 


193 

3 

6 

60 

50 

7 


226 

4 

8 

52 

50 

? 


238 

2 

4 

68 

50 

20-30 

53 

343 

2 

4 

50 

50 

7 


424 

1 

2 

28 

100 

20-30 


711 

1 

1 

62 

50 

20-30 

49 





sexual maturity in ducks is related not only to 
the higher body temperature of the bird host, 
but also to the fact that the ducks harbor fevver 
parasites of this species than do the rats In in¬ 
fected rats, killed any time up to the 11th day 
after infestation, most of the worms are still 
present, but after that a gradual loss of worms 
occurs (Tables 3, 5). In ducks the results are 
not uniform with regard to the percentage of 
worms remaining at different ages of the infesta¬ 
tion (Table 4), but this is probably due to the 
fact that variable numbers of metacercariae 
reach the ceca of the bird, many being eliminated 
because of this failure to reach the normal site 
for development. From the data on number and 
size of worms present at the time when they 
reach maturity, specimens of Z. lunata are fewer 
and larger, and they mature more rapidly in the 
duck than in the rat. 

Although large numbers of worms may be 
present early in an infestation (Table 3), rela¬ 
tively few persist for long after sexual maturity 
is attained. In 20 of the rats listed in Table 5 
the infestation was older than 100 days when 
the host was killed. JNot more than 5 were found 
in any one rat and the usual number was 2 or 3. 
In 6 of these cases, rats killed 181 or 193 days 
after infestation harbored no worms at that time 
although all had shown eggs of Z. lunata in the 


feces at an earlier date. These 6 rats are the 
only ones from which all the parasites were 
eliminated. The number of worms remaining in 
the host after a long period is not related to the 
number of metacercariae ingested. In old in¬ 
festations, the hosts which received only 30 
metacercariae harbor just as many worms as 
those which ingested 100 or more cysts. 

In the experimental ducks the parasites also 
occur in small numbers in the older stages of 
infestation, from 3 to 5 being found in infestations 
that are from 300 to 711 days old (Table 4). 
Records in the literature of the collection of Z. 
lunata from naturally infected bird hosts like¬ 
wise indicate that this species after reaching 
maturity occurs in only small numbers. 
Fischoeder (1903) in a redescription of Natterer’s 
original material from the Vienna Museum, 
had for comparison 2 specimens from Cervwt 
dichotomy and 2 from Anas moschata. Stunkard 
(1916) recovered 8 specimens from a duck, some 
of which were small and newly matured, and 
Price (1928) reports the presence of from 1 to 6 
specimens in each of 4 species of water birds. 
Gower (1938), in reporting collections of Z. 
lunata from 7 species of water birds from Michi¬ 
gan, states, “In no case have more than four of 
these worms been present in any host other than 
the artifically infected one.” He had recovered 
46 immature Zygocotylc which were 2 weeks old 
from an artificially infected duck. Price (1928) 
reported an infestation of Z. lunata in a cow, 
Bos taurus, which yielded 30 specimens, but 
many of the worms were immature. On the basis 
of a comparison of relative size of acetabulum 
and other organs with body size, it may be con¬ 
cluded that the infestation in the cow was prob¬ 
ably recently acquired and that it could have 
arisen from a single ingestion of metacercariae. 

Little is known regarding the nature of the 
process of reduction in number of worms in the 
host. That phase of the problem, involving 
host-parasite reactions of a local or general 
nature, aside from the simple effects of crowding, 
is not included in the present study, hut the 
evidence for some mechanism of host resistance 
is certainly apparent. Stoll (1929), working 
with the nematode Haemonchus contort us, was 
the first to show that following the acquirement 
of an initial infestation, a “self-cure” occurred, 
accompanied by a high degree of protection from 
further infection. He suggested that other 
helminthic infections might show a similar host 
response. The evidence for “self-cure” and 
resistance is presented for Zygocotyle lunaia in 
the present studies. 

Immunity . An established infestation with 
Zygocotyle lunata in ducks and in rats prevents a 
superinfestation with this species. Eight at¬ 
tempts were made to suj>erimpose a second infes¬ 
tation. Table 0 shows the results of experiments 
involving 5 ducks and 3 rats. Following a single 
experimental feeding with metacercariae of Z. 
lunata , a second feeding of 50 to 150 metacercariae 
was §iven after 6 to 261 days of duration of the 
first infestation. The hosts were then sacrificed 
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after periods varying from 4 to 28 days after the 
seeond feeding. With the exception of an acciden¬ 
tal infestation of one worm in duck 4, no worms 
were found from the second experimental feed¬ 
ings. In each case, as seen in Table 6, parasites 
from the second feeding would be easily identi¬ 
fiable and distinctly different in size from the 
worms actually found, all of which were from the 
initial experimental feeding. The number of 
specimens recovered in the various hosts in these 
planned experiments varied from 2 to 344. It 
may be concluded that as few as 2 mature worms 
of this species will make the host immune to 
further infestation. Further, the experiment on 
duck 3a shows that an infestation of 0 days 
duration will prevent a superinfestation, and the 
data on duck 4a indicate that 10 worms 2G1 
days old will do the same. Nr) extensive informa¬ 
tion is available as to the minimum number of 
worms of a given age which will l>e necessary to 
produce resistance to further infestation, but the 
data in Table 6 seem to indicate that a few worms 
of almost any age will probably be effective. 


days, yielding the 6 worms of the 14-day age and 
one 31 days old. Four were in one caecum and 
3 in the other. The results would seem to indi¬ 
cate that a single young worm, 17 days old, is 
not sufficient to produce resistance to superinfes- 
tation. This was the only case in which worms 
were recovered from more than a single feeding 
of metacercariae. In all other cases the worms 
obtained were of approximately the same size, 
any differences being easily within the range of 
individual variation in growth rate. 

The metacercariae of a second feeding are 
released from their cysts and may remain in the 
host for as long as 4 clays. Rat 8, given a second 
feeding 45 days after initial infestation with Z. 
lunata, was examined for eggs in the feces 4 days 
after the second feeding and small worms were 
recovered from the feces. Three were found in 
one medicine dropjier of material from the 
bottom of a settling glass. They were from the 
second feeding of 4 days before but had not de¬ 
veloped to a 4-day stage in growth. They were 
dead when recovered but their organization was 


Table 6. 


Data showing immunity to superinfestation with Zygocolyle lunata. 



First 

Days elapsed 

Host killed 

Worms recovered 

Worms from 


experimental 

before second 

Days after 

Days after 



second 

Host 

feeding 

feeding 

2nd feeding 

1st feeding 

Age (Days) 

No. 

feeding 

Duck 3 

10/14/37 

19 

28 

47 

47 

7 

0 

Duck 4 

10/30/37 

9 

5 

14 

14 

0 

0 

Duck 4 

10/14,37* 

17 

14 

31 

31 

1 

0* 

Hat 8 

11/15/37 

45 

14 

59 

59 

23 

0 

Duck 3a 

11/20/37 

6 

5 

n 

11 

144 

0 

Duck 2a 

11/20/37 

52 

4 

56 

50 

17 

0 

liat 14 

11/23/37 

09 

23 

92 

92 

2 

0 

Rat C> 

10/14/37 

4) 

10 

51 

51 

8 

0 

Duck 4a 

11/20 37 

201 

25 

280 

280 

30 

0 


* Accidental infestation with 1 worm (See text). 


No attempt was made to determine whether 
a single worm from the feeding of a single meta- 
eercaria would induce the characteristic im¬ 
munity, but an accidental infection of a duck 
may throw some light on the probable result. 
Duck 4, when killed and examined, was expected 
to have only 14-day old worms, but it contained 
0 of these and 1 worm which was obviously much 
older. Inspection of the data on tiiis duck showed 
that it had l>een housed for part of a day, 31 days 
before, with 3 other ducks (no. 1, 2, and 3) which 
had just been given an experimental feeding 
with metacercariae of Z . lunata . Comparison of 
the single large worm obtained with other worms 
of known age definitely establishes it as being 
31 days old. Apparently this duck (no. 4), al¬ 
though not purposely fed with the other 3 ducks, 
had accidentally picked up a cyst somewhere in 
the enclosure, possibly from the bill of one of the 
other ducks which had been fed by dropping 
cysts with water into their throats from a medi¬ 
cine dropper. This method was later abandoned 
in favor of placing the cysts in a pellet of bread, 
as described previously. Duck 4 was fed meta¬ 
cercariae 37 days later and then killed after 14 


still intact, and when stained and mounted they 
were found to have progressed to a 2-day stage 
of development. The measurements for them 
are included in Table 7 which compares lx>dy 
size, and the sizes of acetabulum and oral sucker 
in metaceicariac dissected from cysts and in 
worms of from 15 hours to 7 days of develop¬ 
ment. The 3 worms recovered from the feces of 
rat 8 agree closely in measurements with those 
of 2-day-old worms from rat 7. Apparently the 
reaction of immunity against superinfestation 
begins to be effective almost immediately after 
exevstment of the metacercariae, since the 
young worms were extruded at a 2-day stage of 
development on the 4th day following ingestion 
of the metacercariae. No 4-day-old worms were 
found in duck 2a which was killed 4 days after 
a second feeding with metacercariae. 

The mechanism for this resistance to super¬ 
infestation with a metazoan parasite such as 
Zygocotyle is not entirely clear. The problem 
has been investigated by Taliaferro (1940), 
Chandler (1937, 1939) and others. For the 
literature and a general review of the mechanism 
of immunity to metazoan parasites, the reader is 
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referred to a paper by Taliaferro (1940) in which 
he states, 4 ‘Various investigators, including the 
speaker (16), have stressed the fact that the 
immunological mechanisms, both humoral and 
cellular, operative against the larger parasites 
are identical with those operative against other 
infectious and antigenic non-infectious foreign 
materials. ” 


2 worms from the latter host were very much 
larger, averaging 7.0 mm. in length and 3 2 mm. 
in width as compared with the average measure¬ 
ments of 5.0 mm. X 2.3 mm. for the more 
numerous worms in rat 13. Inspection of the 
range in size between these two groups of para¬ 
sites demonstrates strikingly the effects of 
crowding. A similar comparison of the data in 


Table 7. 

Comparative average measurements of specimens of Zygocotylc lunata of ages up to 7 days. 


Length 


m 

Age of specimen mm. 

Metacercariae dissected from cysts . 495 

15 hrs. in Rat 22 .516 

2 days in Rat 7 .772 

4 days, from feces of Rat 8 .850 

3 days in Rat 11 .792 

5 days in Rat 1 .940 

7 days in Rat 6a 1.200 


Width 

Acetabulum 

Oral Sucker 

No. of 

in 

Length 

Width 

Length 

Width 

worms 

mm. 

in mm. 

in mm. 

in mm. 

in mm. 

measured 

.201 

.171 

.165 

.063 

.059 

10 

.198 

.174 

.164 

.082 

.082 

10 

.260 

.243 

.230 

.099 

.105 

10 

.204 

244 

,211 

.099 

.112 

3 

.306 

.248 

.273 

.122 

.106 

10 

.460 

.420 

.400 

.165 

.132 

10 

.590 

.462 

.442 

.211 

.165 

10 


Table 8. 


Showing the relation between age, number and size of Zygocotylc lunata in rats and ducks. 


Days after 
ingestion of 
meta¬ 
cercariae 

Host 

No. of 
worms 
present 

No. of 
worms 
measured 

Average 
length 
in mm. 

Average 
width 
in mm. 

Range in 
length 
in mm. 

Range in 
width 
in mm. 

Remarks 

17 

Rat 31 

80 

10 

2.0 

0.86 

1.6-2.4 

0.6-1.2 

Immature 

22 

Rat 26 

120 

10 

2.47 

0.86 

2.2-3.3 

0.8-1.0 

Immature 

23 

Rat 4 

25 

10 

2.6 

1.1 

2 5-3.0 

1.6-1 4 

Immature 

31 

Duck 4 

1 

1 

4.1 

1.5 

4.1 

1.5 

Immature 

45 

Rat 5 

23 

10 

3.8 

1.7 

3.1-4.5 

1.4-2 3 

Some mature 

47 

Duck 3 

7 

7 

6.1 

3.0 

5.8-6.5 

2 8-3.1 

All mature 

51 

Rat 6 

8 

8 

5.4 

2.7 

4 7-6.2 

2.5-2.9 

All mature 

56 

Duck 2a 

17 

10 

7.9 

2.9 

7.1-8.7 

2.7-3.0 

All mature 

59 

Rat 8 

23 

10 

3.9 

1.7 

3.4-4.6 

1.5-2.0 

Some mature 

70 

Rat 15 

34 

10 

4.1 

1.7 

3.4-5.4 

J.5-1.9 

All mature 

92 

Rat 13 

28 

10 

5.0 

2.3 

4.2-5.8 

1.7-2.7 

All mature 

92 

Rat 14 

2 

2 

7.0 

3.2 

6.6-7.5 

3.1-3.3 

All mature 

193 

Rat 18 

5 

4 

8.2 

3.0 

7.0-9.5 

2.8-3.3 

All mature 

193 

Rat 21 

3 

3 

8.6 

3.1 

7.0-9.5 

3 0-3.2 

All mature 

226 

Rat 60 

4 

4 

6.0 

3.1 

5.5-6.4 

2.7-3.4 

All mature 

238 

Rat 52 

2 

2 

7.3 

2.9 

6.9-7.7 

2.5-3.3 

All mature 

286 

Duck 4a 

10 

10 

6.9 

3.54 

6.4-7.4 

3.2-4.0 

All mature 

359 

Duck la 

2 

2 

7.2 

3.75 

7.0-7.2 

3.5-4.0 

All mature 

424 

Rat 50 

1 

1 

10.5 

3.5 

10.5 

3.5 

All mature 

507 

Duck 5a 

5 

6 

7.4 

3.78 

6.5-8.0 

3.5-4.2 

All mature 

711 

Rat 28 

1 

J 

8.5 

4.0 

8 5 

4.0 

All mature 

711 

Duck 6a 

3 

3 

9.1 

4 65 

9 0-9.2 

4.6-4.7 

All mature 


Size arid Longevity of Z, lunata . As {jointed 
out previously, the size of worms of any given 
age as well as the rate of development to sexual 
maturity varies with the number of worms in the 
host. When many worms of the same age are 
present, the size varies more and the worms are 
smaller than when only a few worms of the same 
age are present. Table 8 shows the average size, 
range of size, and the number of worms present 
at various ages from 17 days to 711 days in rat 
and duck hosts. The relationship between num¬ 
ber and size of specimens is illustrated well by 
the data on rats 13 and 14, both of which on the 
same day were fed equal numbers of metacer¬ 
cariae from the same snail host. Rat 13 harbored 
28 worms in the cecum and rat 14 only 2. The 


Table 8 for rats 6 and 8 killed 51 and 59 days 
after experimental infestation and yielding 8 and 
23 worms respectively shows the same relation¬ 
ship. On the other hand worms of the same age 
occurring in approximately equal numbers in 
different hosts tend to be more uniform in size. 
It was observed in ducks that if one cecum con¬ 
tained only one worm and the other harbored 
several, the single worm which occupied a cecum 
by itself was considerably larger (8.04 mm. X 
4.25 mm.) than the other worms averaging 7.2 
mm. X 3.6 mm. from the other cecum (Duck 5a). 

Rankin (1937) also pointed to the relationship 
between number and size of trematodes within 
a host and suggested that crowding may be the 
factor concerned. He stated, “It has been ob- 
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served also, that the trematodes Brachycoelium, 
Plagitura, and Mcgalodiscus, when present in 
large numbers, are usually small, though mature. 
Crowding of many individuals within a small 
area may account for small size, for when these 
flukes occur in small numbers, they are much 
larger.” 

The smallest sexually mature Zygoeotyle lunata 
obtained from experimentally infected hosts was 
3.1 mm. in length and 1.4 mm. in width, and the 
largest specimen measured 9.2 mm. x 4.7 mm. 
The smaller worms were collected from a 45-day 
infestation in rat 5. From the smaller size the 
worms continue to grow regularly as they get 
older; and, as seen in Table 8, rat 50 contained a 
424-day-old worm measuring 10.5 mm. X 3.5 
mm. The worms obtained after 711 days of 
growth in rat 28 and in duck 6a are still larger, 
the largest of the three from the cluck being 9.2 
mm. in length and 4.7 mm. in width. This 
represents an increase of many times in volume 
over the size of the worms when first sexually 
mature. These worms arc larger than any of 
this species reported heretofore in the literature. 

The sizes recorded in 'Table 8 are comparable 
since the same killing procedure was followed in 
all cases. The worms were slightly flattened on 
a large 2x3 inch glass slide under the weight 
of an ordinary 1 X 3 inch slide and killed with 
an aqueous saturated solution of corrosive subli¬ 
mate containing 3% of acetic acid. The Table 
demonstrates that worms when first mature are 
larger in ducks than they are at a similar stage 
of development in rats. Ducks 3 and 2a con¬ 
tained mature worms 47 and 56 days old respec¬ 
tively which are much larger than the newly 
matured worms from rals 8 and 15 in which the 
parasites are 59 and 70 days old respectively. 
Some of the disparity in size is due to the fact 
that a greater number of worms were present in 
the rats. In the older worms the difference in 
size lessens until it disappears altogether in those 
of 200 days or older from the two host species. 
In these cases worms of the same age tend to be 
of the same size regardless of the host in which 
they developed. 

Specimens of Zygoeotyle lunata may hve for 
more than 2 years in ducks and rats. In the rat, 
the length of life of Z. lunata is to some extent 
limited by the life span of the rat. Rat 28 was 
about 3 months old when fed metacercariae on 
January 31 ; 1938. Eggs of Z. lunata were col¬ 
lected continuously from the feces and an ex¬ 
amination made on January 5, 1940, yielded 
numerous eggs. By this time, the rat, a male, 
was becoming quite feeble and slept most of the 
time. On January 12, 1940, this rat, barely able 
to walk across the cage, was killed and one large 
worm was recovered from the cecum 711 days 
after ingestion of the metacercariae. The rest 
of the intestine was not examined. The worm 
was very active and contained many eggs in the 
uterus. It extruded at least 40 normal-appearing 
eggs in the dish of water before it was killed and 
fixed. These eggs were washed and they devel¬ 
oped normally, indicating that the old worms 


are still able to reproduce and would probably 
live much longer. Duck 6a was also killed 711 
days after a single experimental feeding with 
metacercariae and the 3 worms recovered were 
the same as the one of the same age from the rat, 
except that they were slightly larger. 

Another duck (no. 1) was very disappointing 
as a subject for longevity records on Zygoeotyle. 
It was given a single feeding of encysted larvae 
on October 14, 1937 (Table 4), and showed eggs 
of Zygoeotyle in the feces after 41 days and inter¬ 
mittently from that time on. After about 18 
months of infestation, only a few eggs were 
obtained in each positive fecal examination but 
some were collected on October 20 and 26, 1939. 
Two days later, Octo!>er 28, the duck was killed 
but no worms were found. Apparently the in¬ 
festation had been lost during the preceding 48 
hours. The last eggs had been collected 742 
days after infestation and on the 744th day the 
worms were gone. This does not necessarily 
indicate, however, that the worms live for only 
al>out 2 years. 

In Z . lunata , the parasites apparently keep on 
increasing in size as long as they live, at least up 
to 2 years. It has been shown that many, and 
in a few cases all, the worms are lost long before 
this age is attained. Natural infestations in 
ducks probably carry over from one year to the 
next just as the experimental infestations in 
laboratory-raised ducks do. Gower (1938a), in 
a study of seasonal abundance of the parasites of 
wild ducks, found Zygoeotyle in 12 of 104 ducks 
examined, with a slightly higher percentage of 
infestation during the summer and a sudden 
drop in the autumn. In view of the present data 
regarding longevity of metacercariae and of 
adults of Zygoeotyle, the significance of Gower's 
data on seasonal a l>undance in this species seems 
doubtful. The variation reported in numbers of 
ducks infected at the different seasons: 17.5% in 
spring, 23% in summer, 4% in fall and 10% in 
the winter, is probably not significant. The 
birds may l>ecome infected with Z. lunata at any 
season but probably pick up the cysts less 
readily in winter when ice serves to lessen the 
chances for infestation. However, with the 
relatively long span of life of the parasite, very 
little difference probably occurs in the incidence 
of this form at different seasons. 

Measurements of Z. lunata illustrate the need 
for caution in attaching much importance to size 
for hpecific diagnosis. As in some other trema¬ 
todes, extreme variation exists in size of adult 
specimens. In the experimentally raised and 
genetically similar material dealt with in the 
present paper, old mature worms are many times 
larger in volume than younger, newly-matured 
individuals (Table 8). Measurements for the 
earlier stages of development are presented in 
Table 7. Body growth and the growth in size 
of organs proceed proportionately in a regular 
progressive manner up to the time of sexual 
maturity. Miller (1939) reported a decrease in 
size of developing Posthamiostomum laruei in 
mice during the first 30 hours, and suggested 
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that a similar decrease probably occurs in other 
digene tic flukes upon entering the bodies of their 
definitive hosts. It is obvious from Table 7 that 
no such decrease occurs in Zygocotylc. The 
specimens after 15 hours in the rat are slightly 
larger than metacercariae, even though they 
have emerged from their cysts only a short time 
before. Some metacercariae have not yet cx- 
cysted after 15 hours. 

Table 9 presents the comparative measure- 


to specific diagnosis since trematodes commonly 
undergo a growth period of this sort prior to 
maturity. On the basis of the increase in size 
following sexual maturity, he emphasized the 
undesirability of placing too much importance 
on size in specific diagnosis. With reference to 
his measurements, he says, “The differences in 
size between different ages of the same fluke, as 
shown here, are comparable to those which have 
been used, at times, as a basis for indicating 


Table 9. 

Comparative measurements in mm. of stained and cleared sjKM'imens of ZygocotyU lunala at different 
ages. (Averages of several specimens m most cases.) 


Ago in days \ce- 

and host Length "Width tabulum Oral suck or 


11 —Hat 3 

2 

i i 

825 


594 X 

548 

264 X 

264 

14 —Duck 4 

1 

87 

740 

745 X 

567 

258 X 

258 

23—Hat 4 

2 

60 

1 12 

1 

06 X 

878 

396 X 

376 

31—Duck 4 

4 

10 

1 48 

3 

49X1 

06 

429 X 

396 

46—Rat 6 

3 

33 

1 28 

1 

06 X 

807 

488 X 

475 

(Immature) 

45—Rat 5 

3 

10 

1 70 

1 

05 X 

825 

402 X 

430 

(Mature) 

47—Duck 3 

6 

10 

3 00 

1 

59X1 

00 

521 X 

462 

51—Rat 6 

5 

48 

2 65 

1 

30 XI 

06 

613 X 

628 

92—Rat 14 

7 

05 

3 20 

1 

48X1 

19 

552 X 

637 

193—Rat 21 

8 

23 

2 97 

1 

59X1 

27 

689 X 

637 

359—Duck la 

7 

20 

3 75 

1 

48 XI 

48 

552 X 

552 

507—Duck 5a 

7 

71 

4 07 

l 

82X1 

48 

695 X 

595 

711—Duck 6a 

9 

10 

4 65 

1 

91 XI 

48 

bOO X 

627 


OraJ 

evag- 

Esophageal 

I Anterior 

Posterior 




Inations 

bulb 

testis 

testis 

Ovary 

099 

X 

006 

lib 

X 

092 

118 

X 

079 

315 

X 

069 

060 

X 

046 

085 

X 

070 

145 

X 

0<K> 

099 

X 

066 

099 

X 

066 

055 

X 

050 

175 

X 

112 

231 

X 

151 

455 

X 

231 

429 

X 

264 

132 

X 

132 

198 

X 

112 

265 

X 

17S 

330 

X 

198 

297 

X 

198 

264 

X 

158 

19b 

X 

118 

218 

X 

132 

396 

X 

297 

3<*6 

X 

363 

119 

X 

.107 

180 

X 

127 

26 i 

X 

190 

600 

X 

264 

060 

X 

297 

198 

X 

132 

205 

X 

129 

328 

X 

219 

1 09 

X 

512 

972 

X 

549 

.476 

X 

264 

264 

X 

158 

383 

X 

208 

1 04 

X 

552 

1 04 

X 

594 

445 

X 

255 

212 

X 

170 

382 

X 

255 

892 

X 

425 

935 

X 

596 

425 

X 

297 

243 

X 

212 

403 

X 

21b 

l 10 

X 

743 

1 18 

X 

743 

.637 

X 

254 

212 

X 

170 

382 

X 

245 

1 06 

X 

425 

l 00 

X 

425 

637 

X 

255 

212 

X 

J91 

362 

X 

232 

1 44 

X 

595 

1 57 

X 

637 

722 

X 

275 

212 

X 

170 

.380 

X 

255 

l 10 

X 

510 

1 06 

X 

552 

037 

A 

261 


ments of worms varying in age from 11 to 711 
days. The measurements are averages of several 
worms in most cases and are taken from similar¬ 
ly stained and cleared whole mounts. It is 
apparent that size of body and size of the con¬ 
tained organs increases proportionately up to 
sexual maturity. After sexual maturity is at¬ 
tained, however^ the body organs do not continue 
to increase in size significantly in proportion to 
the increase in gross size of the worm as it In¬ 
comes older and larger. Some individual varia¬ 
tion occurs, but the apparent slight increase in 
size of some organs, as the acetabulum, does not 
parallel the rate of increase shown in total body 
measurements (Figs. 20-25). A comparison of 
body size and organ size in specimens 47 and 51 
days old with those of specimens 92 to 711 days 
old (Table 9) shows little significant growth in 
size of organs but a very considerable increase in 
gross size. 

Miller (1939) made observations on the rate 
of growth in Pustharmoxtomum and described an 
increase in both length and width between worms 
which are 400 hours old, measuring 3.07 mm. by 
1.09 mm., and worms 1,100 hours old which are 
3.99 mm. long and 1.32 mm. in width. The 
worms are apparently sexually mature at 400 
hours. He presented no data on size for ages 
intermediate between 400 and 1,100 hours, and 
did not report the range of variation among the 
specimens. The average measurements showing 
an increase in length and width of the worms 
during the stages preceding sexual maturity 
(before 400 hours) are not significant with respect 


different species While tins ma> be true, it 
should be pointed out that the reported increases 
in length of 30 per cent., and in width of 17 per 
cent , following sexual maturity in Post harm o~ 
stomam } are not greater than the variation in size 
wliicli may occur in different specimens of 
Zygocotylc of the same age collected from a 
single host animal. In Zygocolyle , the 70-day-old 
worms collected from rat 15 (Table 8) varied in 
length from 3.4 mm. to 5.4 mm., the longer 
specimens being 58 per cent, greater in length 
than the smaller ones. Similarly the 92 day old 
specimens from rat 13 exhibit a 38 per cent, 
difference. As shown earlier, a wider variation 
in size of worms occurs m the hosts which harbor 
a large number of specimens than in those which 
contain relatively few. In Zygocotylc , worms of 
a given age are larger when only a few are 
present than when many have developed to¬ 
gether in the same^ host. The possibility exists 
that this relationship may be a factor in the size 
difference between 400 and 1,100 hour worms in 
Postharmoislom um, since 28 flukes of the 400 
hour group were present in the host animal, 
while only 5 were found in the mouse which 
yielded the larger 1,100 hour worms. In view of 
the relationships between number, size and age 
of specimens demonstrated in Zygocotyle f the 
data given by Miller for Posthannostomum 
laruei do not justify the conclusions presented by 
him regarding trematodes in general. 

During the course of the infestations with 
Zygocotyle f frequent fecal examinations for eggs 
of the parasite were conducted. Interesting 
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differences appear in the results obtained from 
feces of rats and ducks. The same procedure 
was followed in all cases. Fecal samples were 
broken up in water and strained through a fine 
wire screen into a settling dish in which the 
material was then washed several times by the 
decanting method. The eggs were collected 
under a binocular dissecting microscope. In 
every fecal examination of rats infected with 
mature Zygocotyle , eggs were obtained. Rat 28 
was examined more than 50 times over a period 
approaching two years. The numl>er of eggs 
collected from 8 fecal pellets varied from 650 in 
the early months of the infestation to as few as 
25 during the last few weeks of the life of the rat. 
Some were always present. Feces of infected 
ducks, however, did not always contain eggs. 
For some reason not clear to the writer, a bird 
would apparently l>e negative, and then a week 
or two later, eggs would again be present. Daily 
fecal examinations sometimes failed to yield eggs 
for periods up to 2 weeks, after which eggs would 
be plentiful again for a similar period in daily 
collections of feces. Of 78 recorded examinations 
of fecal samples from duck no. 43 were positive 
and 35 were negative, but the significant feature 
is that the feces were often consistently negative 
or positive for periods of from 8 to 13 successive 
days. Although a periodicity in egg production 
for Zygocotyle in ducks is suggested by such data, 
it apparently does not occur since it certainly 
does not exist in the rat host. The results cannot 
be accounted for by loss of worms and subsequent 
reinfestation, l^cause no opportunity was af¬ 
forded for reinfestation. The only explanation 
that can be offered at present is the element of 
chance combined with the peculiar action of the 
ceca in ducks. Fecal samples from other in¬ 
fected ducks were similarly negative from time to 
time for Zygocotyle eggs, although the* hosts were 
unquestionably infected. The data are not 
sufficiently complete to draw any conclusions 
other than that failure to find eggs of trematodes 
living in the ceca of ducks, after only a few r fecal 
examinations, does not necessarily indicate that 
the bird is not infected. Caution must be exer¬ 
cised in using such ducks for feeding experiments 
in life history studies. 

The Adult. 

The morphology of Zygocotyle lunata has been 
adequately described by Fischoeder (1903), 
Stunk&rd (1917), Price (1928) and Gower (1938). 
Since the tables presented in the present work 
include comparative measurements and other 
information concerning variation within the 
species, no detailed description of the adult is 
given. Figures 20-25 are photomicrographs of 
whole mounts at various stages of development, 
from 5 days to 711 days old, showing the relation 
between size of organs and size of the body. 
Figures 23 and 24 illustrate, among other things, 
the fact that the acetabulum does not increase 
in size in proportion with increase in size of body 
as the worms grow older and larger, but is pro¬ 
portionately smaller in older than in younger 


worms. The actual sizes and ages of these 
specimens is given in the explanations of the 
figures and the average sizes for the organs appear 
in Table 9. 

Stunkard (1917) transferred Amphistoma luna- 
turn to the genus Zygocotyle and erected a new 
subfamily, with Zygocotyle as type genus, to 
contain it. The subfamily Zygocotylinae was 
first named by Ward (1917). Bhalerao (1931) 
described a new genus and species, Stunkardia 
dilymphosa , and placed it with Zygocotyle in the 
subfamily Zygocotylinae. On the basis of the 
structure of Stunkardia dilymphosa, Bhalerao 
found it necessary to modify the definition of the 
subfamily. He described two pairs of lymph 
vessels in the new species, as indicated by the 
specific name, and therefore, in the new diagnosis 
he includes, “ Lymphatic system with a pair of 
dorsal and a pair of ventral ljunph canals.” 
The lymph system of Zygocotyle , the type genus, 
liad not been described at that time. Willey 
(1933) showed that Zygocotyle possesses only a 
single pair of main lymph channels, and pointed 
out that, “The citation with respect to the 
lymph system in the subfamily must be modified 
or else eliminated entirely from the definition. ” 
Furthermore, in view of the report by Price 
(1928), showing Bos taurus as a host of Zygocotyle , 
and on the basis of the experimental infestations 
obtained in a sheep and in rats by the present 
author, that part of Bhalerao’s diagnosis con¬ 
cerning the host relationships of the subfamily 
Zygocotylinae, “Parasites of birds and reptiles/’ 
must therefore be changed to include parasites of 
mammals. Although Nasmark (1937) cited the 
work of Price (1928), showing that Zygocotyle 
occurs in the cow, supporting the earlier host 
record by Diesing (1836) of this species from a 
deer, he apparently did not accept it as valid. 
Tie stated (p. 436), “Hitherto known definitely 
only from ducks in America. A specimen from 
Bos taurus may be wrongly labelled (?).” The 
experimental infections in the rat and sheep 
accomplished in the present work certainly leave 
no further doubt that Zygocotyle occurs in 
mammals aR well as in birds. In his diagnosis of 
the subfamily Zygocotylinae, N&smark (1937) 
stated (p. 444), “So far as is known with cer¬ 
tainty they parasite (sic) only in American 
ducks.” Nevertheless he cited the work of 
Bhalerao (1931) who placed Stunkardia dilym¬ 
phosa, from a reptile, in the subfamily Zygo¬ 
cotylinae. It is not clear whether Nasmark 
inferred that S. dilymphosa does not belong in 
the subfamily or whether the statement was 
made in error. If S . dilymphosa should not be 
included, as seems likely to the present writer, 
then Zygocotyle lunata is the only species as yet 
known in the subfamily Zygocotylinae. 

Summary. 

Beginning with cercariae ( C. poconensis Willey, 
1930) from naturally infected snails of the species 
Helisoma antromm, the complete life cycle of 
Zygocotyle lunata was demonstrated in the 
laboratory. The cercariae encyst in the open 
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and metacercariae fed to laboratory-raised rats, 
ducks and a sheep developed into adult worms. 
Eggs collected from feces were embryonated and 
the miracidia penetrated laboratory-raised Heli- 
soma antrovum from wliich eercariae emerged 
within from 32 to 40 days after exposure. The 
morphology and activities of the miracidia are 
described. In the snail the miracidium meta¬ 
morphoses into a sporocyst which produces 
rediae. Borne of the rediae contain a single 
daughter redia at the anterior end as well as 
eercariae developing at the same time in the same 
larva. Other reaiae contain only young eercariae. 
It is probable that each redia produces one 
daughter redia and proceeds from that time on to 
produce eercariae only. This explains the pres¬ 
ence of rediae of all sizes during all stages of the 
infestation which jiersists for more than 10 
months in the snail. The sporocyst becomes 
exhausted and disappears soon at ter the first 
eercariae arc shed. 

Cercariae leave the redia while still immature 
and continue their development in the lymph 
spaces of the snail, after which they emerge and 
encyst in the open. Encysted metacercariae are 
infective immediately and some are still infective 
when fed to rats after 138 days in the laboratory 
at room temperature. They will withstand 
freezing temperatures but are not viable if left 
out of water for 48 hours at room temperature 
No development occurs in the cyst. 

In the rat the metacercariae excyst in the 
cecum and develop to maturity. They are 
normally parasites of the cecum and have been 
reported from the ceca of various water birds, a 
deer and a cow. The present experimental in¬ 
festations in the rat and sheep constitute new 
host records for Zygocotyle. Sexual maturity of 
Z. lunata is attained faster in ducks (41-44 days) 
than in rats (46-61 days), and the rate of de¬ 
velopment is influenced by the number of worms 
present, more time being required when many 
worms are present. As the age of the infestation 
increases, the number of worms is reduced and 
only a few persist for long after sexual maturity 
is reached. The host usually eliminates most of 
them within the first 3 months and retains only 
l to 5 thereafter. An established infestation of 
Z, lunata in rats and ducks prevents a sujwr- 
infestation with this species. 

Bize of worms varies with the number present. 
When many worms of the same age are present, 
the size varies more and the flukes are smaller 
than when only a few of the same age are devel¬ 
oping together. The data demonstrate the 
effects of crowding. Z. lunata may live for more 
than 2 years in rats and ducks, and following 
sexual maturity the worms continue to increase 
in size. The smallest sexually mature worm ob¬ 
tained experimentally was 3.1 X 1.4 mm. and 
the largest measured 9.2 X 4.7 mm. when 711 
days old. Although gross size increases greatly, 
the sizes of organs in the body do not increase 
proportionately. The value of size as a species 
difference in trematodes is discussed. Regular 


fecal examinations of ducks infected with Z. 
lunata often failed to show eggs of the parasites 
which were resident in the ceca. Feces of in¬ 
fected rats always yielded eggs. Ducks should 
not be considered negative for worms living in 
the ceca after only a few negative fecal examina¬ 
tions. 
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EXPLANATION OF THE PLATES. 


Plate I. 

Photomicrographs of eggg and miracidia of 
Zygoeotylelunata. 

Fig. 1. Egg, living, from feces. Length, 0.145 ram. 
Fig. 2. Eggs, shoving variation in shape and size. 
Fig. 3. Embryo after 13 days of development. 

Fig. 4. Embryo after 18 days of development. 

Fig. 5. Embryo after 21 days of development. 

Fig. 6. Miracidium, living, slightly flattened under 
acoverglass. Length, 0.210 mm. 

Fig. 7. Miracidium, whole mount of silver impreg¬ 
nated specimen, showing entire thickness. 
Length, 0.191 mm. 

Fig. 8. The same miracidium as in figure 7, with 
higher initial magnification showing critical 
focus on the upper surface. Length, 0.191 
mm. 

Plate II. 

Free-hand drawings of some larval stages of 
Zygocotyle lunata. 

Abbreviations 

ap. apical papilla 
br, dorsal nerve mass 
©e, cercaria 
d, cilia 

cn, epidermal cell nucleus 

dr, daughter redia 

ed, excretory collecting duct 

ep t excretory pore 

es, eye-spots 

fl, dame cell 

gb, germ ball 

gc, germ cell 
gn, ‘gut’ nucleus 
in, intestine 

pg, ‘primitive gut’ 

ph, pharynx 
re, redia 

sc, subepithelial cell nucleus 
sp. aperature for sensory papilla 
T1, Epidermal cell of 1st tier 
T2, Epidermal cell of 2nd tier 
T3, Epidermal cell of 3rd tier 
T4, Epidermal cell of 4th tier 
ve, vesicle 

Fig. 9. Miracidium from dorsal aspect; reconstruc¬ 
tion from observations on numerous living 
and fixed specimens. Average length, 
0.195 mm. 

Fig. 10. Reconstruction of sporocv&t from sections 
of experimentally infected Hehttoma nntio- 
sum, 28 days after penetration of the 
miracidium. Length, 0.305 mm. 


Fig. 11. Young redia containing single, large 
daughter redia, from Jiving specimen. 
Length, 0.330 mm. 

Fig. 12. Older redia containing single young daugh¬ 
ter redia and several developing cercariae; 
25 days after penetration of tne miracidium, 
living specimen, Length, 0.860 mm. 

Fig. 13. Redia, containing active, older daughter 
redia which is ready to emerge, and several 
developing cercariae; from living specimen 
in snail crushed 47 days after penetration 
of the miracidium. Length, 0.7® mm. 

Plate III. 

Photomicrographs of various stages in the life 
history of Zygocotyle lunata . 

Fig. 14. Section of sporocyst reconstructed in fig. 10. 
Note pharynges of 2 rediae and portions of 
intestine of 2 others. 

Fig. 15. Redia, living, containing developing cer¬ 
cariae and germ balls. Length, 0.775 mm. 

Fig. 16. Ventral aspect of mature cercaria, living, 
under medium pressure of coverglass. The 
tail is still attached but out of focus. Note 
branched excretory collecting ducts as out¬ 
lined by excretory concretions. Length, 
0,990 mm. 

Fig. 17. Whole mount ol fixed and stained cercaria 
from ventral side, killed under slight 
pressure. Length, 0.660 mm. 

Fig. 18. Encysted metaceroariae attached to the 
surface of the shell of a snail. Average 
diameter, 0.289 mm. 

Fig. 19. Ventral aspect of whole mount of a 10-day 
old metacercaria dissected from its cyst. 
Length of specimen, fixed and stained, 
0.489 mm. 

Fig. 20. Ventral aspect of young immature adult 
after 5 days of development in rat 1. 
Length, 0.924 mm. 

Plate IV. 

Photomicrographs of whole mounts of fixed and 
stained specimens of Zygocotyle lunata at various 
stages of development m the final host. 

Fig. 21. Ventral aspect, after II days in rat 3. 
Length, 2,21 mm 

Fig. 22. Ventral aspect, after 14 days in duck 4. 
length, 2.12 mm. 

Fig. 23. Ventral aspect, after 23 days in rat 4. 
Length, 3.04 mm. 

Fig, 24. Ventral aspect, after 51 days in rat C. 
Length, 6.07 mm. 

Fig. 25. Dorsal aspect, after 711 days in duck 6a, 
photographed by reflected light. Length, 
9.0 mm. 
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Eastern Pacific Expeditions of the New York 
Zoological Society. XXIV. 

Fishes from the Tropical Eastern Pacific. 
fFrom Cedros Island, Lower California, South to the Galapagos 
Islands and Northern Peru.] 

Part 1. Lancelets and Hag-fishes. 1 

William Beebe 

& 

John Tee-Van 

Department of Tropical Research , New York Zoological Society . 

(Text-figures 1 & 2). 


[This is the twenty-fourth of a series of pai>ers 
dealing with the collections of the Eastern 
Pacific Expeditions of the New York Zoological 
Society made under the direction of Dr. William 
Beebe The present paper is concerned with 
specimens taken on the Templeton Crocker 
Expedition (1936), and the Eastern Pacific Zaca 
Expedition (1937-1938). For data on localities, 
dates, dredges, etc., of these two expeditions, 
refer to Zoologica , 22:33-46 (Templeton Crocker) 
and Zoologica , 23. 278-298 (Eastern Pacific 
Zaca) J 

This series of papers on fishes and fish-like 
animals will list the species known from the 
legion, those represented by specimens taken on 
our own expeditions will be treated more ex¬ 
tensively. As far as the unrepresen ted forms are 
concerned, field characters, size, original and re¬ 
gional references, and whenever possible an 
illustration, are given for each species. 

Class Leptocardii. 

Order Oirrostomi. 

Family Branchiostomidae. 
Branchiostoma Costa, 1834. 

K»r to Tropical Eastern Pacific Species. 

Ja. 68 to 74 myotomes (California to Panama). 

. . . . califomiense. 

lb. 78 to 81 myotomes (Peru, Chile and the Gala¬ 
pagos Islands (Albemarle)). elongatum . 


Branchiostoma califomiense Andrews. 



1 Contribution No. 621, Department of Tropical Re¬ 
search, New York Zoological Society. 


Range: Monterey Bay, California, to Chame 
Point, Panama, in sand from depths of one foot 
to thirty-five fathoms. (Mexico: San Luis 
Gonzales Bay and Arena Bank, Gulf of Cali¬ 
fornia, Cape San Lucas; Nicaragua: Corinto; 
Costa Rica: Piedra Blanca Bay and Gulf of 
Dulce; Panama: Chame Point.) 

Description: Dorsal ray-chambers 312 to 374 
(average 337); preanal chambers about 50; 
higher dorsal chami>ers five to eight times as 
high as long; dorsal fin one-fifth to one-eighth as 
high as body; anus located far behind middle of 
lower lobe of caudal fin; distance from atriopore 
to origin of lower caudal lobe contained from .8 
to 2 times in distance thence to anus; preatri- 
nporal length 2.65 to 3.3 times the postatrioi>oral 
length; myotome formula 43 to 48 4- 16 to 19 -f- 8 
to 10 » 08 to 74; gonad pouches 27 to 36 (average 
33); distance from tip of rostral fin to anal 
sphincter 13.8 to 16.3 times in total length. 
(Description from Hubbs, 1922; as our specimens 
are immature. Illustration from specimen 
25,482a, 29.4 mm.) 

Color: Creamy white; several of our specimens 
showed a conspicuous brown band across the 
center of the snout. 

Size: Mature specimens 58 to 83.5 mm., our 
immature individuals were 17 to 48.8 mm. 

Local Distribution: Our specimens were dredged 
in sand beneath depths of water ranging from 12 
inches to 210 feet. This latter record of 35 
fathoms on Arena Bank is the deepest known, 
6.5 fathoms being the deepest hitherto recorded. 

Abundance: The nine specimens were dredged 
in four widely separated localities. The species 
is doubtless to be found in all suitable localities 
throughout the range under discussion. 

Food: A dark area in the intestine of an 
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Amphioxus from the Gulf of Dulee, Costa Rica, 
resolved into a mass of diatoms of several species. 

Breeding: All of our specimens are immature; 
they present, however, the re^gnizable charac¬ 
ters of calif or niense. The 48.8 mm. individual 
from 35 fathoms had 358 dorsal ray-chambers 
and was quite free of gonads, while its 37 mm. 
companion from the same haul showed 31 gonads. 

Study Material: 9 specimens. Mexico: Arena 
Bank, Lower California, Station 136:D-30, 35 
fathoms, 4 (25,482), 20 to 48.8 mm., May 1,1936, 
dredged; Nicaragua: Corinto Harbor, Station 
200.D-22,1.5fathoms, 2 (27,700), 17 and 24 mm., 
Jan. 7,1938; Costa Rica: Picdra Blanca, Station 
218:D-2, 5 fathoms, 2 (28,211) 19 and 30 mm., 
Feb. 5, 1938, dredged; Golfito, Gulf of Dulce, 12 
inches deep, 1 (28,649), 36 mm., March 6, 1938, 
sifted from sand in shallow tidal stream. 

References: Branchiostoma sp., Cooper, J. G., 
in Cronise, T. F., Natural Wealth of California, 
1868: 498 (First mention of a branchiostomid on 
Pacific Coast). 

Branchiostoma lanceolatum, Lockington, W. N., 
Proc. Acad. Nat. Sri., Phila ., 1881 (1882): 114 
(Angeles Bay, Lower California). Pellegrin, J., 
Bull. Mus. Hist. Nat. Pans , 7, 1901: 163, 167 
(Several specimens 55-65 mm., from Los Angeles 
Bay, I>ower Califomia). 

Branchiostoma calif or niense, Andrews, E. A., 
Studies Biol. Laboratory Johns Hopkins Univers ., 
5, 1893: 238 (San Diego, California). Jordan, 
D. S. & Evermann, B. W., Fishes North and 
Middle America, 1, 1896: 4 (San Luis Gonzales 
Bay, Gulf of California). Hubbs, C. L., Oce. Pap. 
Mus. Zool., Univ. Michigan , 105, 1922: 11 (rede¬ 
scription of species). Meek, 8. E. & Hildebrand, 
8. F., Marine Fishes of Panama, 1, 1923: 28 
(Range extended to Charne Point, Panama; 61 
specimens 20 to 37 mm., “tentatively referred to 
this species in the absence of comparative 
material). Ulrcy, A. B., Journ. Pan-Pac. Res. 
Inst., 4 (4) 1929: 2 (Cape San Lucas, Gulf of 
California), 

Discussion: The California Amphioxus, Bran¬ 
chiostoma calif or niense, presents an interesting 
comparison with three species of the western 
Atlantic, virginiae, floridae and caribaeum. Its 
maximum length is one-third (34%) greater than 
the average of the other three. It shows a 
decided increase in four categories of metameral 
characters: dorsal ray chambers 16%, preanal 
chandlers 25%, myotomes 18% and gonads 24%. 
That this is not wholly the result of a larger 
organism in general (55 as compared with 83.5 
mm. in maximum length) is proved by a corre¬ 
sponding comparison of the three Atlantic 
species with elongatum, which replaces californi- 
ense from the GaUpagos to Chili. The percent¬ 
age of the maximum length of this more southern 
form is only 20% over the Atlantic species, but in 
preanal ray-chambers it is 46% numerically 
superior, in myotomes 27%, while it possesses 
32% more gonads than the Atlantic species. 


Branchiostoma elongatum (Sundevall). 

Range: Peru (Chincha Islands), Chile and the 
Galapagos Islands (Albemarle). 

Description: Dorsal ray-chambers numerous, 
but not accurately countable, and moderately 
high; preanal chambers about 65 to 75, muen 
more numerous than in other species of Branchio¬ 
stoma; anus located slightly in advance of middle 
of lower caudal lobe; distance of atriopore to 
origin of this fin lobe contained 1.3 times in 
total distance behind this point. Preatrioporal 
length 2.4 to 2.6 times the postatrioporal length; 
myotomes very oblique; the formula 48 to 51 4- 
18 -f 12 or 13 = 79 to 81. Gonad pouches 37; 
oral hood reduced in size, as in B. califomiense. 
(Hubbs, 1922: 13.) 

Study Material: None, 

References: Amphioxus elongatus, Sundevall, 
C. J., Oefvers. Vet. Akad . Forh., 9. 1852: 147 
(description; type locality, Chincna Islands, 
Peru). Kirkaldy, J. W., Quart. Jonm. Microsc. 
Sri , 37, 1895: 303. 

Branchiostoma elongatum, Sundevall, C. J., 
Oefvers. Vet. Akad. Forh., 10, 1853: 12 (Chincha 
Islands, Peru). Steindachner, F., Fauna Chilen- 
sis, 1898: 334 (Cavancha Bay, Iquique, Chile). 
Herdman, W. A., Cambridge Nat. Hist., 7, 1904: 
137 (Myotomes 49-18-12, Peru). Snodgrass, R. 
E. & Heller, E., Proc. Wash. Acad. Sri., 6, 1905: 
342 (Galdpagos Islands, 13 specimens, the 
largest 20 mm.). Goldschmidt, It., Zool Am., 
29, 1905: 132-133 (Peru). Hubbs, (\ L„ Occ. 
Pap. Mus. Zool., Cniv, Mich., 105, 1922: 13 
(diagnosis). 


Class Cyclostomi. 
Order Hypcrotreta. 
Family Myxinidar. 

Myxine Linnaeus, 1758. 
Myxine circifrons Carman 



Range: Gulf of Panama; known from 20 miles 
W. X S. of Caracoles Point, in 730 fathoms. 

Field Characters: Eel-shaped eyeless animals 
with a series of barbels about the mouth. Upper 
teeth 13 on each side, lower teeth 11 on each side, 
of which the anterior three of each upper and the 
anterior two of each lower series are confluent. 
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Color uniform black; bead lighter anteriorly. 
(Illustration after Garman, 1899; 470 mm.) 
Size: Grows to 1S}4 inches. 

Study Material: None. 

References: Myxine circifrons, Mem. Mm. 


Comp. Zool., 24, 1899 : 344, Plate 68, figs. 1-4 
(original description, color, figures of entire 
animal, head, heart and gills; type-locality, 
Albatross station 2395, 7° 30' 36" N., 78° 39' W., 
Gulf of Panama in 730 fathoms. Type in Mus. 
Comp. Zool). 
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Eastern Pacific Expeditions of the New York 
Zoological Society. XXV. 


Fishes from the Tropical Eastern Pacific. 

[From Cedros Island, Lower California, South to the Galapagos 
Islands and Northern Peru.] 

Part 2. Sharks. 1 

William Beebe 

& 

John Tee-Van. 

Department of Trojrical Research , New York Zoological Society. 

(Plates I & II; Text-figures 1-34). 


[This is the twenty-fifth of a series of papers 
dealing with the collections of the Eastern 
Pacific Expeditions of the New York Zoological 
Society made under the direction of Dr. William 
Beebe. The present paper is concerned with 
specimens taken on the Noma Expedition (1923), 
the Arcturus Oceanographic Expedition (1925), 
the Anlares Expedition (1933), the Templeton 
('rocker Expedition (1936) and the Eastern 
Pacific Zaca Expedition (1937-1938). For data 
on localities, dates, dredges, nets, etc., of the 
second, fourth and fifth of these expeditions, refer 
to Zoologica , Vol. 8, No. 1, pp. 1-45 {Ardurus)\ 
Zoologica, Vol. 22, No. 2, pp. 33-46 (Templeton 
Crocker), and Zoologica , Vol, 23, No. 14, pp. 
278-298 (Eastern Pacific Zaca ).J 


CONTKNTH. 

Introduction... 94 

Key to Families of Sharks of the Tropical Eastern 
Pacific. 94 


Superclass Piscoa- 

Class Ohondropterygia (elasmobranch 
fishes). 

Subclass Plagiostomia (sharks and rays). 
Superorder Antacoa (sharks). 


Order Hexanchea. 

Family Chlamydoselachidae. 90 

Family Hexanchidae. 90 

Order Galea 
Suborder Isurlda 
Superfamily Orocfcoloboidea 

Family Orectolobidao. 90 

Ginglymostoma cirratum . 90 


1 Contribution No. 022, Department of Tropical Re¬ 
search, New York Zoological Society. 

* The general arrangement adopted here Is that of E. 
Grace White (Bull Amer. Mus. Nat. Hist 74 (2), 1937; 
80 - 38 ). 


Family Rhtneodontidae. 

RMneodon typus . 

Superfamiiy lsuroldea 

Family Alopiidac. 

Family lsuridae. 

Family Oetorbinldae. 

Celorhinus maximuit . 

Suborder Galeorhinida 
Superfamiiy Scylliorhinoidea 

Family Scylliorhlnidae.. 

Pristiurus xaniurus . 

CephaloscyIlium utcr . 

Cephalurus ccphalus. 

Superfamiiy Galeorhinoidea 

Family Triakidae. 

Triakis semifasciata . 

Triakis maculata . 

Triatnodon obeaus . 

Family Mustelidae. 

Mustelus californium . 

Mustelus dorsalis . 

Mustelus lunulatus . 

Family Gaieorhinidae. 

Prionace glauca . 

Aprionodon fronto . 

Eu lamia aethalorus . 

Eulamia velox . 

Eulamia ccrdale . 

Eulamia azureus . 

Eulamia lamiella . 

Eulamia platyrhynchus . 

Eulamia galapagensh . 

Scoliodon longurio . 

Galeocerdo arcticus . 

Gateorhinus sp. 

Family Sphyraidae. 

Sphyma zygaena . 

Sphyma tudes . 

Sphyma corona . 

Sphyma tesperlinu . 

Sphyma media . 

Order Heterodontea 
Suborder Heterodontida 

Family Heterodontidae. 

Hctcrodontus francisci . 

Hetrrodontus quoyi . 

Order Squalea 
Suborder Squalida 
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superfaraily Squaioidea to Miss Jocelyn Crane and Mr, Toshio Asaeda 


Family Squalidae. 120 

CentroscvlUum nigrum . 120 

Squalus b p. 121 

Family Scymnorhtoidae. 121 

Isistius brasiliensis . 121 

Suborder Hquatinlda. 

Huperfamily Squattooidea 

Family Squatinidae. 121 

Squatina californica . 121 


Introduction. 

This paper deals with sharks collected in 
tropical eastern Pacific waters on five expeditions 
of the Department of Tropical Research of the 
New York Zoological Society under the direction 
of Dr. William Beebe. As an aid to future 
students we have included all species that have 
l>een recorded from the eastern tropical Pacific. 

The geographical boundaries of the region 
under consideration in this paper and which we 
call the “tropical eastern Pacific” are as follows: 
The coastal waters of North and South America 
from Cedros Island off the west coast of Lower 
California, and the Gulf of California, southward 
to northern Peru, including off-shore islands such 
as the Galapagos and Revillagigedo groups, and 
Clipperton, Cocos and Malpelo Islands. 

As far as references are concerned, wc have 
listed the original reference with the type locality, 
and references referring to the region under dis¬ 
cussion. Additional references have been added, 
however, whenever their inclusion was felt neces¬ 
sary. Some of the more commonly cited papers 
have been referred to by name and not by publi¬ 
cation, serial and page numbers; the full refer¬ 
ences will lie found on page 122. Synonyms 
of nominal forms described from the region are 
included, but not necessarily those from extra- 
limital localities. 

Thirty-three sharks are reported from the 
waters of the tropical eastern Pacific as delimited. 
As might be expected, most of these species are 
forms that live dominantly in warm waters. But 
surprisingly enough a number of sjiecies usually 
found widely distributed in warm waters of other 
parts of the world and that might be expected to 
be in our region, are unreported from the area 
under consideration. Whether this absence is an 
actual one, or whether it is the result of compara¬ 
tively few collections having been made in the 
region, is a question. Under any circumstances 
these sharks must be uncommon as there have 
been a sufficient number of collections made in 
the region to have produced at least one speci¬ 
men of these species. 

We are indebted to Dr. 1 Leonard P. Schultz of 
the U. 8. National Museum, Mr. John T. Nichols 
of the American Museum of Natural History, 
Prof. Albert E. Parr of the Peabody Museum, 
Yale University, and Dr. H. B. Bigelow and Mr. 
William C. Scnroeder of the Museum of Com¬ 
parative Zoology, Cambridge, for the loan of 
material and for valuable information; to Miss 
Janet Wilson for inking the outline drawings and 


for photographs. 

Kqy to the Families of Sharks of the Tropical 
Eastern Pacific* 

1. Body not markedly depressed or expanded 

laterally, except in the case of the hammer¬ 
head sharks, where the head only is expanded 

2 

Body depressed, usually widely expanded 
laterally.16 

2. Gill-openings 6 or 7 on each side, a single dorsal 

fin. 3 

Gill-openings 5 on each side, two dorsal fins.. 4 

3. Body greatly elongate, almost eel-shaped; 

mouth anterior.... Chlamydoselachidae , p. 96 
Body moderately elongate; mouth inferior 

Ilexanchidae , p. 96 

4. Anal fin present.5 

Anal fin absent.15 

5. Dorsal fins provided with a strong spine 

anteriorly. Hclerodontidac , p. 117 

Dorsal fins without spines anteriorly.6 

6. First dorsal fin over or behind the pelvic fins . 7 
First dorsal fin in advance of the pelvic fins.. 8 

7. Nostrils confluent with the mouth: tail directed 

upward somewhat from the body 

Orectolobidac, p. 96 
Nostrils not confluent with the mouth; tail not. 

directed upward from the body 
^ Sc.yllivrhinidar , p. 99 

8. Caudal peduncle with a keel on each side; caudal 

fin lunate.13 

Caudal peduncle without a keel on each side; 
caudal fin not lunate, its upper lobe two or 
more times the length of the lower. 9 

9. Tail exceedingly long, forming about one-half 

of the total length; eyes without nictitating 

membranes or folds. Aloptidae , p. 97 

Tail moderately developed, forming less than 
one-third the total length; eyes with nicti¬ 
tating membranes or folds.10 

10. Head hammer- or kidney-shaped, its sides ex¬ 

tended laterally. Sphyrnidae , p. 114 

Head normally formed, without lateral exten¬ 
sions .11 

11. More than two rows of teeth in use; teeth in 

bands or pavement.12 

One or two rows of teeth in use; teeth com¬ 
pressed, triangular, not in bands or pavement 
Galeorhiniaae, p. 104 

12. Teeth pavement-like, the cusps flattened 

MUisielidae, p. 102 
Teeth not pavement-like, each tooth with three 
to five sharp cusps. Triakidae , p. 100 

13. Last giil-openmg entirely in front of the pectoral 

fins.14 

Last gill-opening above the base of the pectoral 
fins; size enormous. Rhiiieod<mtidae t p. 97 

14. Gill-openings very large, extending from the 

back and nearly meeting under the throat; 
teeth very small; size enormous 

Cetorhinidac , p. 98 
Gill-openings moderate, not as above; teeth 
very large and sharp. Ieuridae, p. 98 

9 In addition to the families found in the eastern 
tropical Pacific, a few other families have been included 
that have representatives immediately north and south 
of the province here treated. These nave been inserted 
on the presumption that they might be found sometime 
within the area 

The keys to this paper are based only upon ibe species 
that are round within the area under conrfderatioa: they 
will not necessarily be found to apply to sharks of the 
same genera to other parts of the world. 
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Text-figure 1. 

Principal localities in the tropical eastern Pacific where collections were made by the Department 
of Tropical Research of the New York Zoological Society. 


15. Dorsal fins each provided with a spine 

Squalidac> p. 120 
Dorsal fins without spines Scymnorhmidae, p. 121 

16. Gill-openings on sides of body; anterior exten¬ 

sion of the pectoral fins separated from the 


neck by a deep notch in which lie the gill- 

openings. Squatinidae , p. 121 

Gill-openings on under side of the bodjr. (Rays 
and mantas; these will be treated in a suc¬ 
ceeding paper.) 
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Systematic Account. 

Family Ohlamydohelachidae. 
Chtamydoselachus Garman, 1884. 

Chlamydoseiachus atiguineus Carman. 

Unrecorded from our region, although Carman 4 
mentions the following; “This shark is one that 
may confidently be expected to appear in future 
collections from the region about the Galapagos.” 

Family Hexanchidae. 

Hexanchus Rafinesque, 1810. 

Ucxanchus griseus , the six-gilled shark, is one 
of a number of sharks unrecorded from the tropi¬ 
cal eastern Pacific, but reported from immedi¬ 
ately north and south of the region under con¬ 
sideration. On the Pacific coast the range is 
from San Diego, California, northward, and the 
species is known from Chile, if the synonymizing 
of the South American form with the northern is 
correct. 

Heptranchias Rafinesque, 1810. 

The seven-gilled sharks also have representa¬ 
tives both north and south of the region from 
Cedros Island to northern Peru. 


Family Orectolobidae. 
Ginglymostoma Muller & Henle, 1837. 


Ginglymostoma cirratum (Cmclin). 
Nurse Shark (Sand Shark; Cato). 



Text-figure 2. 


Range: In our province from the Gulf of Cali¬ 
fornia, south to Ecuador. (Mexico: Gulf of 
California, Mazatlan, Jalisco, Chamcla Bay, 
Manzanillo; Costa Rica: Port Parker, Potrero 
Grande, Gulf of Nicoya; Panama: Bahia Honda, 
Panama Bay; Ecuador: St. Helene Bay.) 

Field Characters: A sluggish, blunt-headed 
shark with very small eyes; mouth transverse 
and near the tip of the snout, furnished with a 
pair of barbels; two large dorsal fins placed far 
back, the first over the pelvics; the fourth and 
fifth gill-slits very close together. Olive brown; 
young covered with small black spots which 
usually disappear in the adult. (Illustration 
after Carman; 365 mm.) 


* Gar man, 8., Mem. Mus Comp. Zool., 24, 1899: 41. 


No detailed comparison has been made at first 
hand between nurse sharks from the Atlantic 
and from the Pacific, and though probably there 
is specific differentiation, we can consider them 
at present as only a single species. 

Size: Reaches a length of 10 feet. 

Local Distribution: Feeding and usually living 
close to the bottom in shallow water near shore. 

Abundance: Cannot be considered a rare shark 
wherever it is found. 

Food: A 385 mm. shark taken from a tide pool 
in Costa Rica had eaten two carideans and five 
small fishes. One of the latter was a Rupiscartes 
atlanticus (85 mm.) and another an Anehovlella 
(43 mm.). An adult shark had eaten a six-inch 
fish. 

Enemies: Man was the only enemy of this 
shark which came to our notice. A dozen nurse 
sharks, six to eight feet in length, were found on 
the beach at a camp devoted to drying shark fins, 
near the tip of Lower California, on May 1,1936. 
Unlike the other three species found at this camp, 
the nurse sharks had their fins intact, these hav¬ 
ing evidently no commercial value. 

Parasites: Two leeches, Pontobdclla muricata , 
were taken from a nurse shark. 

Breeding: The largest specimen (2,800 mm.) 
showed no signs of active breeding; the smallest 
(295 mm.) was taken in a tide pool at Bahia 
Honda, Panama, oil March 19, 1938. 

Study Material: We observed this shark Reven 
times; three specimens were collected, the others 
were watched through helmet or water-glass. 
Mexico: Chamela Bay, 1, observed, ca. six feet, 
Nov. 10, 1937; Manzanillo Bay, 1 (26,093) 392 
mm., Jan. 10, 1938, poisoned; Costa Rica: Port 
Parker, 1, ca. four feet, Jan. 13, 1938, observed; 
Potrero Grande, 1, ca. seven feet, Jan. 23, 193S, 
observed in 2 feet of water; Gulf of Nicoya, 
(26,170) 2,880 mm., Feb. 23, 1938, snagged 
through dorsal with hook from Zaca; Panama: 
Bahia Honda, 1, (26,206) 295 mm., March 19, 
1938, poisoued in tidepool; Bahia Honda, l, ca. 
300 mm., March 19, 1938, specimen lost, from 
same pool as 26,206. 

References: Squat us drratus , Bommterre, Tabl. 
encyc. meth., Ichthy., 1788: 7 (original descrip¬ 
tion). 

Ginglymostoma cirratum , Jordan, D. 8. & 
Gilbert, O. H., Bull. U. S. Fish Comm., 2, 1882: 
105 (Mazatlan, Mexico). Jordan, D. 8. & 
Gilbert, C. H., Proc. U. S . Nat. Mus. t 5, 1883: 
371 (First record from Pacific coast, 2 ten-inch 
specimens collected by Xantus, Colima, Mexico). 
Jordan, D. S. & Gilbert, C. H., Proc. U . S. Nai. 
Mus., 5, 1883: 620 (Panama). Vaillant, L. L., 
Bull. Soc. Philom ., Paris , (8) 6, 1894: (Gulf of 
California). Jordan, D. 8., Fishes of Sinaloa, 
1895: 381, (color, common name “Gata,” 3 
specimens, 2 to 6 feet). Jordan, D. S. & Ever- 
mann, B. W., Fishes North and Middle America, 
1,1896:26 (short description). Boulenger, G. A., 
Boll. Mus . Torino , 13, 1898: 1 (Ecuador). 
Gilbert, C. H. & Starks, E. C., Fishes Panama 
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Bay, 1904 : 5 (color, Panama). Garman, S., 
Bull Mm. Comp. Zool. , 46,1906: 229 (Panama). 
Regan, C. T., Proc. Zool. Soc. London , 1908: 
350 (synonymy, description, Jalisco, Mexico). 
Garman, S., The Plagiostomia, 1913: 54, plate 7 
(description, figures). Meek, 8. E., & Hilde¬ 
brand, 8. F., Marine Fishes of Panama, 1, 1923: 
29 (Panama, description). 

Ginglymostoma fulvum, Jordan, D. 8., Proc. 
V. S. Nat. Mits., 8,1886:363 (listed as a doubtful 
species). 


Family Rhjnkodontidae. 

Rhincodort Smith, 1849. (Usually consid¬ 
ered as a misprint for Rhineodon.) 

Rhineodon typus Smith. 

Whale Shark. 

(Plate 1, Figs I & 2). 



Text-figure 3. 


Range: Warm waters of the Atlantic, Pacific 
and Indian Oceans. In the eastern tropical 
Pacific it is known from the following localities, 
Mexico: Gulf of California, Cape San Lucas, 
Acapulco; Panama: Panama Bay, Gahipagos 
Islands; Peru: Callao. 

Field Characters: A giant whale-like shark with 
spotted head and with the body covered with 
longitudinal and transverse pale bands forming 
a checker-board; each space in the checker-board 
with a pale yellowish spot. (Illustration after 
Norman, 1937.) 

Size: Grows to 45 feet long, with possible 
records ranging up to 70 feet. 

General Habits: Considering its size, this is a 
common fish in Gulf of California waters. Our 
observations on the species are summarized in 
t( Zaca Venture ” pages 162-170. 

Study Materials: No specimens. Many obser¬ 
vations and photographs were made of this species 
in the Gulf of California. 

References: Rhineodon typus , Smith, A., Zool. 
Journal , London, 16, 1829: 443-444 (original 
description; type locality, Table Bay, Cape of 
Good Hope, South Africa). 

Micristodus punctatus, Gill, T. N., Proc. Acad. 
Nat. Sd., Phila ,, 17, 1865: 177. Gill, T. N., 
Science, 15, 1902 : 824-826. Jordan, D. 8. & 
Evermann, B. W., Fishes North and Middle 
America, 1,1896: 52 (Quotes original description 
of teeth). Mowbray, L. L., Preliminary Report 
on the Taking of the Pacific Whale Shark during 


the Scientific Cruise of the Yacht “Nourmahal” 
in the North Pacific, 1933, under the direction of 
Vincent Astor, Privately printed, July, 1933, 
No. I, 2 pp. (Galapagos Islands). 

Rhineodon typicus , Smith, R. W., Illustrations 
Zool. South Africa, 1849: Plate 26. Nation, W. 
8., “ South Pacific Times,” Callao, Peru, Jan. 24, 
1878. (Callao, Peru). Chierchia, G., Collezioni 
per Studi di Scienze Naturali Fatte nel Viaggio 
Intorao al Mondo della R. Corvctta “Vettor 
Pisani” . . . Anni 1882-83-84-85. Roma, 
1885: 66-68 (Panama Bay). Grey, Z., Santa 
Catalina Islander, May 27, 1925: 10 (Cape San 
Lucas). Grey, Z., “Fishing Virgin Seas,” New 
York, 1925: 204-216 (Cape San Lucas). Beebe, 
W., “The Arcturus Adventure,” New York, 
1926: 414 (Galdpagos Islands). Gudger, E. W., 
Science, 65, 1927: 545 (GaMpagos Islands), 
Gudger, E. W., Scicnn , 65, 1927: 211-212 (Gulf 
of California). Gudger, E. W., Nature , 132, 
1933: 569 (Gal&pagos Islands). Lonnbcrg, E., 
Fauna och Mora Vpsala, 1933:97 104 (Acapulco, 
Mexico). Gudger, E. W., Proc. Zool. Soc. 
London , 1934: 874-878 (Distribution in the 
eastern tropical Pacific). Gudger, E. W., 
Natural History , 36, 1935: 128 132 (Acapulco, 
Mexico). Gudger, E. W. & Smith, R. S., Bull. 
N.Y. Zool. Soc., 68-71 (six specimens at Acapul¬ 
co, Mexico, photographs). Beebe, W., Bull. N. 
Y. Zool. Soc., 39, 1936: 241-242 (notes, photo¬ 
graphs), (Gulf of California, Cape San Lucas). 
Gudger, E. W., Nature , 141,1938: 516 (Panama). 
Gudger, E. W., California Fish and Game, 24, 
1938: 420-421 (Lower California). Fowler, II. 
W., Acad. Nat. Sci. Phila., Monograph 2, 1928: 
24S (Gahlpagos Islands, check-list). Beebe, W., 
“Zaca Venture,” New' York, 1938: 162-170 
(observations and harpooning, abundance, size, 
Gulf of Calitornia and Cape San Lucas). 


Family Alopiidae. 

Alopias Rafinesque, 1810. 

Alopias vulpinus (Bonnaterre). 

The thresher-shark, although supposedly 
world-wide in distribution, is unrecorded from 
our area, but it has been found in considerable 
numbers in southern California and in Chile. 
Walford, in writing of southern California 
Alopias vulpinus , states: 41 It has been recorded 
on our coasts as far north as Coos Bay, Oregon, 
and is said to extend at least as far south as the 
Isthmus of Panama.” This statement seems to 
}>e the only recorded reference to the species in 
coastal tropical eastern Pacific waters. 

Alopecias harrae Philippi 6 and A. longimana 
Philippi, 6 both reported from Chile, are con¬ 
sidered by Fowler 7 as being the same as Alopias 
vulpinus. 


• Philipp, K. A., Anales Uniters. Chile, 71, 1887 563, 

Pl « PbSfppC R. A., Anales Uniters. Chile, 109, 1901: 308. 

1 Fowler, H. W , Proc. Mh Pac. Sci. Conor., Jam 1929, 
Biol. Pap. 8, 1930* 488. 
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Whitley* points out that the assumption that 
Alopias ndpinus has a world-wide distribution 
may not be correct. A number of new forms of 
Alopias have been described, and the eastern 
tropical Pacific form may very well represent 
another species. 


Family I&>uiudae. 

Key to genera mentioned in this paper. 

la. Teeth slender and sharp, with entire edges. 

Isurus 

lb. Teeth compressed and triangular, with serrated 

edges. Carcharodon 

Isurus Rafinesquo, 1810. 

la. Teeth with a basal cusp on each side. . nasus 

lb. Teeth without basal cusps, long, flexible and 

acute. .. .glaucus 


Isurus nasus (Bonnaterre) and Isurus glaucus 
(Muller & Henle). 

The genus hums and the species mentioned 
above are unreported from our province, al¬ 
though they are present north and south of the 
area if the Chilean Lamna hudobroii 9 is the same 
as Isurus glaucus as Fowler states, 10 and if Lamna 
philippi Perez 11 is the same as Isvrus nasus , as 
Fowler mentions in the same publication. 

We have the jaws of an Isurus obtained from a 
native in the Gulf of Dulce, Costa Rica. There 
is no definite locality record for this jaw, and 
although it was probably taken from somewhere 
within our region, we have no positive assurance 
that this was so. 

This specimen would be referred to glaucus in 
the key. There are 13 teeth on each side in each 
jaw, the teeth becoming progressively smaller 
from front to back. The teeth are smooth and 
there is no indication of cusps. The longest teet h 
measure 31 mm. from base to tin. In the upper 
jaw the third tooth is considerably smaller than 
the following teeth, being approximately equal in 
size to the eighth. The space between the third 
and fourth teeth in the upper jaw is wider than 
the spaces between other teeth 

Carcharodon Muller & Henle, 1838. 

Carcharodon carcharias (Linnaeus). 

There seems to be no authentic record of the 
great white shark in our region, although from 
the distribution of the species one would expect 
to find it. It is recorded from southern Cali¬ 
fornia and from Chile. 

* Whitley, G. V.!nec. Austr. Mm., 20 (1). 1937: 5. 

•Philippi, R. A., Anales Uniters Chile , 71, 1887: 551. 

10 Fowler, H. w„ Proc . 4th Pac. Sci. Conor., Java 
1929, Biol. Pap. 3, 1930: 4$8. 

» Perez, O. C., see Philippi, R. A„ Anales Unims . 
Chile , 71. 1887: 649. 


Family Cetorhinidak. 

Cetorhinus Blainville, 1816. 

Cetorhinus maximus (Gunner). 
Basking Shark. 



Text-figure 4. 


Range: Arctic, Antarctic and temperate seas; 
in the eastern tropical Pacific it is known from 
Ecuador and Peru and from somewhere near the 
Gal&pagos Islands. On the northern limit of the 
area under discussion it is known from southern 
California, and there is a questioned record from 
near Cape San Lucas. 

Field Characters: A very large shark with long 
gill-slits extending from the back and almost 
meeting under the throat. Caudal fin lunate, 
witii keels on each side near the base. Back 
leaden gray, lower sides white. Often found 
drifting at the surface. (Illustration after 
Norman, 1937.) 

Size: Grows to 45 feet. 

Study Material: None. 

References: Sgualus maxnnus, Gunner, .1. E., 
Trondjhem sets, selshr., 3, 1795: 33, tab. 5 (orig¬ 
inal description, coast of Norway). 

Cetorhinus , Stevenson, C. H., Rep’l. U. S . 
Fish Comm. 28, 1902 (1904). 227-228 (Peru and 
Ecuador, use for oil). Gudger, E. W., Science , 
42, 1915 : 053-056 (Occurrence in the southern 
hemisphere). 

Basking shark, Grey, Z., “Talcs of Fishing in 
Virgin Seas,” New York, 1925:185 (Questionable 
sight record, Cape San Lucas. “I saw the dark 
leathery fin of a basking shark stick up out of the 
water. It was immense. But before we could 
get near enough for a picture it sank”). 

Cetorhinus maximus , Gudger, E. W., Science , 
65,1927: 545 (locality “not far from the Galdpa- 
gos”). Fowler, H. W., Proc. 4th Pac. Sci. Congr. f 
Java 1929 (1930): 489 (range; includes Cali¬ 
fornia, Ecuador, Peru). Gudger, Proc. Zool. 
Sac. London , 1934 (1935): 877 (Contains the 
following statement . . and not Ceto¬ 
rhinus , which latter shark is, however, found all 
along the western coast of South America, and 
even in the vicinity of the Galdpagos Archi¬ 
pelago”) 

Discussion: As Norman suggests {Discovery 
Reports , 16,1937: 7) the southern basking shark, 
as represented by Falkland Island and southern 
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South American specimens, may prove to be 
distinct from the northern species. The speci¬ 
mens from Peru, Ecuador and the GaUpagos 
Islands may represent a northward projection of 
the range of this southern race or species of 
basking shark. 

The record of basking shark near Cape San 
Lucas, made by Zane Grey in "Tales of Fishing 
in Virgin Seas,” page 185, must be questioned 
until further records of this shark are secured in 
(julf of California waters. The record was merely 
the sight of a dorsal fin which disappeared before 
Grey could approach near cnougn to secure a 
photograph. 


Family Scylliorhinidae. 12 

Key to genera and species of the tropical eastern 
Pacific. 13 

la. Labial folds absent or rudimentary; belly capa¬ 

ble of inflation. (Color grayish-brown, tinged 
with yellowish above and below; back with 
black cross-bars; upper parts with large 
round black spots. Cephaloscylhum uter 

lb. Labial folds present; belly not inflatable. 

2a. First dorsal fin originating behind the origin 
of the pel vies; base of the second dorsal fin 
shorter and wholly above that of the anal 
fin, the latter overlapping it before and 
hehind; belly pale .... Prminima xatuurus 

2b. Fust dorsal fin originating well in front of the 
pel vies; second dorsal fin about equal to 
the anal in size, and terminating slightly 
behind it; belly same color as rest of the 
body . ( y < ph at nr ns n / >h al n s 


12 The genera in this famJlj are not easy to differentiate 
and it is possible that many of them ought to be merged 
or at least recognized as subgcnera. We have here 
followed Garman, 1913, except for the use of ScylUorhinus 
in place of Catultis. 

Ucdaclurus chilensis (GulclienoG of Chilean and south¬ 
ern South American waters, approaches the injrders of 
the region under consideration, it has been recorded 
from Mollendo. Peru, by Evermann, B. W. & Itadcliffe, 
L (Buff. U. £. Nat . Mas., 1)0, 1917: 3). 

l> Aprtsturus brunneus (Gilbert). The range of this 
species lias been noted as including the Gulf of California 
However, this is not truo and the specie is known, at* 
far as the literature is concerned, only from north of the 
United States boundary. The history of the false Gulf 
of California record seems to bo as follows: 

In the original description of Catulus brunneus [Proc. 
U. S. Nat , A/us., 14, 1891 (1892)* 542), which is included 
in a paper entitled “‘Descriptions of thirty-four new 
species of Ashes collected in 1888 and 1889. principally 
among the Santa Barbara Islands and the Gulf of Cali¬ 
fornia, ” no mention is made of the type locality of tho 
species. Jordan & Evermann. in “ Fishes of North and 
Middle America,” Vol 1. page 24, supplied the deficiency 
by stating “Gulf of California,” ana this notation has 
been copied in a number of papers. Unfortunately, tliis 
selection of a type locality is not in accord with the known 
distribution or brunneus and, in addition, a checking of 
the type. No. 51,708, XJ. 8. National Museum, reveals 
that it was taken at Albatross station No. 2396, 32° 49' 
N. Lat., 117° 28' 30" W. Long., in 359 fathoms, on 
February 4, 1889. This locality is about 10 miles west 
of Point La Jolla, California, quite within the generally 
known range of the species, anu a long distance from the 
Gulf of California, 

AprUturus brunneus may thus be removed from con¬ 
sideration as a Gulf of California species, and the type 
locality should be changed in the literature to coincide 
with the notes given above. 


Cephaloscyllium Gill, 1861. 

Cephaloscyllium uter (Jordan & Gilbert). 
Swell Shark. 



Text-figure 5. 


Range: Monterey Bay to northern Lower 
California, with a single record at Acapulco, 
Mexico. 

Field Characters: Small, blunt-headed sharks 
with first dorsal fin far back on the body, over the 
pectoral fins; teeth small, tricuspid, in about four 
series. Grayish-brown with bands and spots of 
black, sometimes with white spots on the body. 
Belly capable of great inflation. (Illustration 
after Jordan & Evermann, 1900: 790 mm.). 

Size: Grows to about three feet. 

Study Material: None. 

References: Catulus uter , Jordan, D. S., & 
Gilbert, C. H., in Jordan, D. S., & Evermann, 
B. W., "Fishes of North and Middle America,” 
1, 1896: 25 (new name and description, ques¬ 
tions relationship to Chilean veniriomm). 

ScylUorhinus ventriosus f Garman, S., Menu 
Mas. Comp. Zool ,, 24, 1899: 26 (“. . . 8. 

mttriosus Garni., from Acapulco and northward 

Discussion: All of the records of this species 
with the exception of one are from the region 
from Monterey, California, to Ensenada, Mexico. 
The exception is the record of Garman, listing 
the species from Acapulco, Mexico. 

Garman, in the Acapulco record, synonymized 
the northern form uti,r y with the Chilean veri¬ 
ty to sux which he had clescrilied in 1880. The 
similarity and dissimilarity of the northern and 
southern forms had lieen recognized by Jordan & 
Gilbert when the name uter was given to the 
California specimens. Considering the lack of 
records from the warm waters south of Acapulco, 
we retain the California form as a s}>ecies distinct 
from the South American one. 


Pristiurus Muller & Henle, 1838. 

Pristiurus xaniurus (Gilbert). 
File-tail Shark. 
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Range: Coast of southern and Lower California, 
south to San Roque Bay, in 184 to 684 fathoms. 

Field Characters: Small sharks with two dorsal 
fins placed far back on the body, the first dorsal 
above the ventrals; anal fin present; upper edge 
of caudal in adult with a broad band of enlarged 
scales; labial fold of lower jaw slightly shorter 
than the fold of the upper jaw. Dark slaty 
brown, usually uniform above, sometimes with 
small whitish spots, the fins often edged with 
paler; belly pale. (Illustration after Carman, 
1913:552 mm.). 

Size: Grows to about two feet. 

Study Material: None. 

References: Cat ulus xaniurus, Gilbert, O. II., 
Proc . V. S. Nat . Mu*., 14, 1891 (1892): 540 
(original description, abundance; type locality, 
Southern and Lower California, in 184 to 084 
fathoms). Gilbert, C. H., Rejit. V . S. Fish 
Comm., 1893 (1895): 461 (off Central California 
in 200 to 456 fathoms; spines and spineleth, 
young, claspers). Jordan, D. S. & Evermann, 
B, W., Fishes of North and Middle America, 1, 
1896: 24 (description). Townsend, O. H., & 
Nichols, J. T., Bull. Amer. Mus. Nat. IIist. } 52, 
1925: 6 (18 specimens from 27° 07' N., 114° 33' 
W., off San Roque Bay, Pacific coast of Lower 
California, in 284 fathoms). 

Parmaturus xaniurus, Walford, L. A., Div. 
Fish and Game California, Fish Bull., 45, 1935: 
27 (short description, distribution, figure). 
Garman, S,, The Plagiostomia, 1913: 90, Plate 9, 
figs. 1-5 (description, figure). 


Cephalurus Bigelow & Schroeder, 1941. 
Cephalurus cephalus (Gilbert). 



Text-figure 7. 

Range: Gulf of California; 85 to 100 miles N. 
W. of Cape San Lucas, Lower California, and 
near Clarion Island, in 85 to 460 fathoms. 

Field Characters: Very small, rather broad¬ 
headed sharks with wide crescentic mouth; 
second dorsal fin about equal to anal in size, 
with its posterior base termination behind that 
of the anal; brown, the belly same color as the 
rest of the body. (Illustration after Bigelow & 
Schroeder, 1941.) 

Size: Grows to about 10 inches. 

Study Material: 1 specimen. Mexico, off the 
south-western Coast of California, No. 12,831, 
Amer. Mus. Nat. Hist., length 206 mm. 


References: Catvlus cephalus, Gilbert, C. H., 
Proc. U . S. NcU. Mus., 14, 1891 (1892): 541 
(original description, Gulf of California at 362 
fathoms, and near Clarion Island at 460 fathoms). 
Garman, S., The Plagiostomia, 1913: 78 (short 
description; comment on inadequacy of the 
original description; placed provisionally in 
Catulu8). Townsend, C. H., & Nichols, J, T., 
Bull. Amer. Mus. Nat. Hist., 52, 1925: 6 (speci¬ 
mens from 85 to 100 miles northwest of Cape San 
Lucas, in 389 to 405 fathoms). 

Family Triakidak. 

Key to tropical eastern Pacific genera. 

la. Spiracles present; no caudal pit .... Triakis 

lb. Spiracles absent; caudal pit present Triaenodon 

Triakis Muller & Henle, 1838. 

Key to tropical eastern Pacific species. 14 

la. Grayish with cross bands and large alternating 
spots of brown; median cusp of teeth acumi¬ 
nate, lateral cusps short. semifasciata 

1 b. Slaty brown, with scattered small spots of black; 
median cusps of teeth short, Broad-based, 
lateral cusps short men ulatus 


Triakis semifasciatum Girard. 



Text -figure 8. 


Range: Cape Mendocino, California, to Mag¬ 
dalena Bay, Lower California. (Mexico: Cedros 
Island, Port San Bartholomae, Turtle Bay, 
Ballenas Bay and Magdalena Bay.) 

Field Characters: An easily recognizable shark: 
gray with well-defined cross bands of black on 
the upper parts, interspaced with round black 
dots along the sides. 

Size: Grows to about 3 feet in males, females 
over five feet. 

Study Material: We have no material. At 
Clarion Island in the Revillagigedo group, a speci¬ 
men supposedly of this species was caught and 
lost on a feather-fiy. The shark was about four 
feet long. 

References: Tnahis semifasciatum, Girard, C. 
F., Proc. Acad. Nat. Sci. Phila ., 7, 1854: 196 
(original description; type locality, Presidio dc 
San Francisco). Lockington, W. N., Proc. Acad. 
Nat. Sci. Phila., 1881 (1882): (Magdalena Bay). 
Fowler, H. W., Proc. Acad. Nat. Sci. Phila., 60, 
1908: 59 (Use of felis in place of semifasciatum). 
Osbura, It. C., & Nichols, J. T., Bull. Amer. 

” From Garman, S, 19X3: 185. 
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Mus . Nat. Hist., 35, 1916: 141 (3 specimens in 
seines, Cedros Island, Port San Bartholome and 
Ballenas Bay, Lower California). Wales, J. H., 
Copeia, 1932: 163 (Ensenada and Turtle Bay, 
Lower California; many seined at latter locality). 
Walford, L. A., Div. Fish and Game California, 
Fish Bull., 45,1935:32 (Short description, range, 
etc., figure). Barnhart, P. S., Mar. Fishes 
South. California, 1936; 9, fig. 14 (short descrip¬ 
tion and color; figure). 

Triakis maculata Kner <fc Steindachner. 

Range: Recorded by Fowler from California, 
Mexico, Peru and Chile. 

Field Characters: Small sharks; slaty brown 
with numerous irregular scattered spots of black 
on the back and flanks. Teeth small, numerous, 
more than two rows functioning, each tooth 
with the central cusp short, broad at base and 
directed obliquely outward; the lateral denticles 
of each tooth are mere rudiments separated from 
the principal cusp by a shallow notch. 

Size: Grows to about two feet. 

Study Material: None. 

References: Triakis macitlatus , Kner, R., & 
Steindachner, F., Sitsb. Akad. TFm. Wien, 54, 
1867: 391 (original description, “Sudsec,” Listed 
as “ Triakis scyllium l)um., vel maculata, n. sp.). 
Steindachner, F., Silz. Akad. TFzss. Wien, 60, 
1870: 315 (Mazatlan, Mexico). Gannan, S., 
Tiie Plagiostomia, 1913: 167 (Redescription of 
the species from Callao, Peru, specimens). 
Fowler, II. W., Proc. 4th Pac. Sci. Congr., Java 
1929, Biol. Pap. 3; 1930: 490 (Lists following 
range: California, Mexico, Peru and Chile). 

Discussion: This species was described by 
Kner & Steindachner from a specimen taken 
from the indefinite locality “Sudsee.’* However, 
the other species of fish listed in the same paper 
are from Chile and Peru, so that it is not un¬ 
likely that the types came from the west coast of 
South America. In 1870 Steindachner listed a 
specimen from Mazatlan, Mexico, and in 1913 
Carman redescril>ed the species from specimens 
taken at Callao, Peru. Fowler in 1930 listed the 
range as we have recorded it. We have been 
unable to find the Californian and Chilean 
references upon which the range is based. 

Triaenodon Mliller & Ilenle, 1837. 

Triaenodon obesus (Ruppell). 

(Plate II, Fig. 1). 

Range: Red Sea, Indian Ocean, Oceania in¬ 
cluding Hawaii, Cocos Island and Panama. (In 
the eastern tropical Pacific three specimens are 
known, two from Cocos Island and one from 
Bahia Honda, Panama. The Panama specimen 
here recorded is the first reported occurrence of 
the species on the American continent.) 

Field Characters: A blunt-headed shark with 
mouth close to and paralleling the outer border 


of the head; nostrils with a conspicuous triangular 
flap; nictitating membrane present; first dorsal 
fin nearer ventrals than pectorals; teeth with a 
long median cusp and with a smaller cusp, rarely 
two, at the base on each side; tips of the dorsal 
fins apd the upper caudal lobe white. (Illustra¬ 
tion after Fowler, 1928 : 645 mm.) 




Description: The single specimen secured by us 
agrees with current descriptions. 15 For compara¬ 
tive purposes we append the following account 
of this 1,175 mm. (46J4 inches) fish. Proportions 
are stated in percentages of the length to the tip 
of the last caudal vertebrae (1,125 mm.). 

Head broad, depressed, the upj>er surface 
quite flat; snout broadly rounded, the mouth 
close to and paralleling the outer border of the 
head but slightly nearer the sides of the head 
laterally than anteriorly; preoral length 3.6%, 
width of mouth 8.5; symphysis of lower jaw to 
line joining the angles of the jaw 4,7; mouth 
strongly arched with a small crease on the upper 
lip on each side and with a deep pit at the gape 
on each side in the lower jaw. Nostrils to snout 
3.7; intemarial space 4.6; nostrils with a large 
conspicuous triangular flap on their inner halves. 
Eye a broad horizontal oval with a large nicti¬ 
tating membrane, diameter 1.85; distance from 
snout to eye 6.9 ; distance from eye to mouth 2.7. 
Snout to first gill-opening 18, snout to fifth gill¬ 
opening 22; height of first gill-opening 2.65, 
height of fifth gill-opening 3.1; last gill-slit over 
the base of the pectoral fin. Snout to first 
dorsal fin 38, the fin rather sharp superiorly and 
with a sharp-pointed posterior lobe; first dorsal 
fin much closer to pel vies than to the pectorals; 
base of first dorsal 8.9, anterior edge 12.2, vertical 
height of fin from body 9.2, base to tip of lower 
lobe 4.4. Interdorsal space 17.8. Snout to 


u The eastern Pacific records of the genus (Cocos 
Island, Hawaii) have been considered up to the present, 
as referable to obesus Whitley* however (Australian 
Zoologist, 9 (3) 1939 : 237). suggests that the Hawaiian 
form as represented by Fowler s Layaan Island example 
which the latter called obesus , is an ‘‘ally" of obesus . 

As mentioned above our specimen agrees so closely 
with the current descriptions of obesus that we see no 
reason for using another name. 
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second dorsal fin 64; base of second dorsal 6.1, 
anterior edge 8.5, vertical height 6, base to tip of 
lower lobe 3.8, origin of fin very slightly ahead of 
the anal. Anal fin from snout 65.5, base 5, 
anterior edge 9.1, base to tip of posterior lobe 
3.55. Base of second dorsal to upper caudal 
pit 8.35; base of anal to inferior caudal pit 8.35. 
Upper caudal pit to tip of caudal 24.8; inferior 
caudal pit to tip of lower caudal lobe 12.7; tip 
of caudal to notch of terminal lobe 6.75. Base of 
pectoral from snout 24.6, the fin large and low, 
its tip somewhat pointed, anterior edge of fin 
14.6, inner edge 5, base of pectoral 5. Pelvic 
fins from snout 50, the fin truncate posteriorly, 
base of fin 6.1, anterior edge 7.3, inner edge of 
fin from the inner posterior tip to the separation 
of the fins anteriorly 6.5. 

Teeth in both jaws tricuspid (rarely with five 
cusps), the median cusps much larger than the 
lateral ones, in about 43 rows in each jaw (the 
rear teeth difficult to count as the jaws were not 
dissected and the teeth extend far back into the 
mouth), those in the upper jaw erect anteriorly, 
becoming oblique and backwardly inclined on 
the sides posteriorly. Denticles from the upper 
side beneath the first dorsal fin are 5 to 7 keeled, 
the outer keels when 7 are present, very small, 
the denticles closely packed together. 

Color: In life dark gray above, shading into 
dead white below, the tips of the second dorsal 
fin and the upper lobe of the caudal fin dead 
white. Irregularly scattered dark spots on the 
sides and tail, all smaller than the eye. Iris pale 
green with faint blackish angular lines. 

Snodgrass & Heller state the color of their 
Cocos Island fish as follows: “dark uniform slate 
above, below livid yellowish slate; tip of 1st 
dorsal and of upper lobe of the caudal creamy 
white.” Herre gives the color of his specimen 
from the same locality preserved in alcohol as. 
“more or less brownish or rusty brown above, 
paler to whitish beneath; the tips of the dorsals 
and upper caudal lobe are nnlky white, the 
margins of the other fins dark or blackish.” 

Size: Grows to at least 5 feet in our region. 

Local Distribution: Our single specimen was 
speared close inshore at night. 

Abundance: An uncommon species, represented 
by three records in the eastern Pacific American 
waters. 

Food: The stomach of our fish contained a 
205 mm. snapper-like fish. 

Study Material: 1 specimen. Panama: Bahia 
Honda, 1, female (26186) 1,175 mm., Mar. 15, 
1938, speared. 

References: Carcharias obesus Ruppell, W. P. 
E. 8., Neue Wirbelthiere zu der Fauna von 
Abyssinien gehfirig, 1835 : 64, PI. 18, fig. 2 
(original description, figure; type locality, Red 
Sea). 

Triaenodon obems , Snodgrass, R. E., & Heller, 
E., Proc. Wash. Acad. Sci, 6, 1905: 344 (range, 
description, color; Cocos Island); Fowler, H. W , 
Proc. Jfth Pac. Sci. Congr., Java, 1929, 3 (1930): 


489 (Check list, range); Herre, A. W., Field Mus. 
Nat. Hist., Zool. Ser., 21,1936: 24 (short descrip¬ 
tion, color, range; Cocos Island); Fowler, H. W., 
Acad. Nat. Sn Phila., Monograph 2, 1938: 249 
(check-list, Cocos Island). 

Discussion: Whitley has recently pointed out 
that the genus Triaenodon was mentioned earlier 
than the usually accepted first reference of 
Muller & Henle (Syst. Beschr. der Plagiostomen, 
1838-1841:55). The references referred to are as 
follows: Muller & Henle, Bcr. Verb. kon. Preuss. 
Akad. Wiss. Berlin , 2, 1837: 113, and Mag. Nat. 
Hist. (ed. Charlesworth) 2, 1838: 38. 

In the last two references cited above there is 
no mention of a genotype. In the first reference, 
two species are recognized under Triaenodon , 
obesus and smithii. As Muller & Henle state 
(footnote p. 56, of last-mentioned reference), 
that smithii belonged to the genus Lepiocarias, 
it is obvious that obesvs must be the genotype. 

In our specimen of Triaenodon obesus , the 
nictitating membrane is complete and not a fold, 
as is indicated in White’s “Key to Galea” (Bull. 
Amer Mus. Nat. Hist., 71, 1937. 121) in alterna¬ 
tive (55). 

Family Muktelidae. 

Mustelus Linck, 1790. 16 

Key to species of the tropical eastern Pacific. 

la. D)\ver lobe of the caudal fin pointed, arcuate. 

lunulatus 

lb. I.ower lobe of caudal fin rounded. 

2a, Midpoint of base of first dorsal fin much 
closer to origin of ventral fins than to axil 
of the pectorals tahjmnuus 

2b. Midpoint of base of first doisal fin as close to 
axil of pectoral fins as to the ventrals or 
closer . dor sain 


Mustelus califomicus Gill. 
Gray Smooth Ilound. 



Range: Cape Mendocino, California, south¬ 
ward into the Gulf of California (Mexico: 
“Lower California,” Magdalena Bay, Cape San 
Lucas, Rio Colorado, Guaymas). 

Field Characters: Small sharks with teeth in 
flattened pavement-like rows; preoral length 
alrout equal to or a little less than the width of 
the mouth; lower lobe of caudal fin ending obtuee- 


“ We have made no attempt to consider the species of 
the genus recorded from Peru and southward. Some of 
these may belong to other genera, they are rrwnto (edulis ), 
abbotti and mgromaculatus. See Bigelow & Bchroeder, 
(Proc. Boston Soc Nat. Hist ,41 (8) 1940. 417-488), for 
data on these forms. 
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ly; center of base of first dorsal fin nearer root of 
ventrals than pectorals. Dark lead gray, white 
below. (Illustration from specimen No. 443, 
Mus. Comp. Zool.; 615 mm.). 

Size: Grows to about feet. 

Study Material: 3 specimens. Mexico: Cape 
San Lucas, 3 (24835, 24821, 24822) female and 
two embryos about to be born, March 30, 1936, 
hand line (only embryos saved). 

References: Mustelus californicus f Gill, T. N., 
Proc. Acad . Nat. Sci. Phila ., 16, 1864: 148 
(original description, type locality, San Francisco, 
California). Ix>ckington, W. N., Proc. Acad . 
Nat. Sci. Phila., 1881: 114 (Lower California). 
Starks, E. C., Copeia, 46, 1917: 61-63 (compari¬ 
son with M. herdci and M. lumdatus; Mexico: 
Ensenada and Magdalena Bay). Springer, S., 
Proc. U. S. Nat. Mus., 86, 1939: 468 (in key to 
genus). 

Galcorhinus cahfornicus , Breder, C. M., Jr., 
Bull. Bingham Oceano. Coll., 2 (1), 192G: 3 (Rio 
Colorado, Lower California). 

Galeus dorsalis , Evermann, B. W., & Jenkins, 
(). P., Proc. U. S. Nat. Mus., 14, J89U 129 
(Guaymas, Mexico; embryo; see Gilbert & 
Starks, Fishes of Panama Bay, p. 7). 

Mustelus dorsalis Gill. 

Tollo. 



Text-figure 11 


Range: Gulf of California, southward to 
Colombia and ? Peru. (Mexico Gulf of Cali¬ 
fornia; Costa Rica: IJvita Bay; Panama - Pana¬ 
ma; Peru: Callao.) 

Field Charactfrs: Small sharks with teeth in 
flattened, pavement-liko rows; preoral length 
about equal to width oi mouth, first dorsal fin 
with center of its base equidistant from base of 
pectoral and ventral fins; low r er lobe of caudal 
fin not prominent, ending obtusely; uniform 
grayish above, whitish below, no conspicuous 
color markings. (Illustration from specimen No. 
26,176: 488 mm.) 

Size: Grows to about three feet. 

Study Material: 1 specimen. Costa Rica: 
Uvita Bay, male (26176) 480 mm., March 2, 
1938, taken on hand line. 

References: Mustelus dorsalis, Gill, T. N., Proc. 
Acad. Nat . Sci. Phila., 1864: 149 (original 
description; Panama, type No. 8068, U. S. Nat. 
Mus.). Glinther, A., Trans. Zool . Soc. Ijondon , 
6 (7), 1868: 396 (check list), 490 (copied descrip¬ 
tion). Glinther, A., Cat. Fishes Brit. Mus., 8, 
3870:388 (note). Jordan, D. S. & Gilbert, C. H., 


Bull. U. S. Fish Comm., 2,1882:109 (name only, 
Panama). Jordan, D. S., & Gilbert, C. H., Proc . 
U. S. Nat. Mus., 5, 1882 (1883): 309 (Key 
differentiating this species from lunvlalus and 
canis). Jordan, D. S., & Gill>ert, C. H., Proc. 
U. S.^Nat. Mus., 5, 1882 (1883): 373 (List of 
Dow specimens, type from Panama). Pellegrin, 
J., Bull. Mus. Hist. Nat., Paris, 7, 1901: 161 
(Gulf of California). ? Evermann, B. W., & 
Radcliffe, L., U. S. Nat. Mus., BuU. 95, 1917: 7, 
plate 1, fig 3, plate 2, fig. 1 (measurements, 
description, figures). Nichols, J. T. & Murphy, 
R. C., Bull. Amer. Mus. Nat. Hist., 46, 1922: 504 
(Callao, Peru). Springer, S , Proc. V. S. Nat. 
Mus., 86, 1939: 467 (in key). 

Galeus dorsalis , Jordan, D. S., Proc. U. S. Nat. 
Mus., 8, 1885 (1886). 363 (check-list, Panama). 
Jordan, D. S., & Bolhnan, C. IL, Proc. U. S. Nat. 
Mus., 12,1889 (1890): 179 (name only). Gilbert, 
C. H., Proc. U. S. Nat. Mus., 13, 1890 (1891): 
449 (Panama). Jordan, D. S., & Evermann, B. 
W., Fishes North and Middle America, 1, 1896: 
30 (description, range, color). Gilbert, C. II., & 
Starks, E. C., Fishes of Panama Bay, 1904: 7, 
Plate 1, fig. 2 (comments on description, measure¬ 
ments, figure of head). Osbuni, R. C. & Nichols, 
J. T., Bull. Amer. Mus. Nat. Hist., 35, 1916: 141 
(Tiburon Island, Gulf of California; three-foot 
female with six unborn ten-inch young). 

Galeorhmus dorsalis, Garman, S., The Plagio- 
stomia, 1913:178 (synonymy, description, color). 
Meek, S. E. & Hildebrand, S. F., Marine Fishes 
of Panama, 1, 1923: 32 (short synonymy, note 
on embryos, description; Panama market). 


Mustelus lunulatus Jordan & Gilbert. 



Range: Southern (California to Colombia. 
(Mexico: Santa Inez Bay, Concepcion Bay, 
Guaymas, Mazatlan; Costa Rica: Port Parker; 
Panama: Panama Bay; Colombia: Gorgona 
Island.) 

Field Characters: Small sharks with teeth in 
flattened pavement-like row's; preoral length 
greater than width of mouth; center of base of 
first dorsal closer to base of pectoral fins than to 
pelvics; lower lobe of caudal fin prominent, end¬ 
ing in a point. Uniform grayish above, pale 
below. (Illustration after Kumada & Iliyama, 
1937: 472 mm.) 

Size: Grows to 5 feet 8 inches. 

Study Materials: 6 specimens. Mexico: Santa 
Inez Bay, Lower California, 2, April 13, 1936 
(not saved); Santa Inez Bay, 1, 4 feet long; 
April 23, 1936 (not saved); Concepcion Bay, 
1 (24994), April 13, 1936. Costa Rica: Port 
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Parker, 1 (26114), 700 mm., Jan. 16, 1938, 
captured on hook, teeth saved; Colombia: Gor- 
gona Island, 1 (26211), 890 mm., March 27,1938. 

References: Mustelus Ivmdatus, Jordan, D. 8. 
& Gilbert, C. H., Proc. U . S. Nat. Mus., 5, 1882: 
108 (original description; type locality: Mazatlan, 
Mexico; type No. 29211, IT. 8. Nat. Mus.). 
Jordan, D. 8. & Gill>ert, C. II., Bull. U. S. Fisk 
Comm., 2,1882 (1883): 105 (check-list, Mazatlan, 
Mexico). Jordan, D. 8. & Evermann, B. W., 
Fishes North and Middle America, 1, 1896: 28 
(description). Jordan, D. S. & Evennann, B. W., 
Fishes North and Middle America, 3, 1898: 
2745 (in key to west coast Mustelus and Galevs). 
Jordan, D. 8. & McGregor, R. C., Rep. Comm. 
Fish. for 1898 (1899): 274 (Ensenada, Lower 
California, short description). Gilbert, C. H. & 
Starks, E. C., Fishes of Panama Bay, 1904: 5, 
Plate 1, fig. 1 (comparison with northern sj>eci- 
mens, proportions, measurements, etc., figure), 
207 (check-list, range). Starks, E. C., Copeia, 
46, 1917 : 63 (comparison with Mustelus kenlei 
and Mustelus californicus). Norris, H. W., 
Copeia, 114, 1923:1 (California, size, abundance, 
young). Kumada, T. & Hiyama, Y., Marine 
Fishes Pacific Coast of Mexico, 1937: 16, Plate 
47 (Mexico; figure). Springer, 8., Proc. U. S. 
Nat. Mus., 86, 1939: 464 (comparison with 
norrisi , etc.), 467 (in key to Mustelus). 

Galcus lunula t as f Jordan, P. S., Proc. U. S. 
Nat. Mus., 8, 1885 (1886): 363 (check-list; name 
only). Evermann, B. W. & Jenkins, O. I\, Proc. 
U. S. Nat. Mus., 14, 1891 (1892): 128 (Guaymas, 
Mexico). Jordan, L). S., Fishes of Sinaloa, 1895: 
382 (Mazatlan, abundance). 

Galeorhinus hmulatus , Garman, 8., The Plagio- 
stomia, 1913: 174 (description, color, range). 
Meek, 8. E. & Hildebrand, S. F., Marine Fishes 
of Panama, 1, 1923: 33 (short synonymy, 
description, comparison w r ith dorsalis; range; 
Panama). 

Cynias lunulatus, Starks, E. C. & Morris, K. 
L., (Jniv. Cal Publ. Zool, 3 (11), 1907: 163, 164 
(comparison with M. californicus). 

Family Galeorhinidae. 

Key to genera of the tropical eastern Pacific, 
la. Spiracles absent. 

2%. Lower labial folds wanting or rudimentary. 
3a. First dorsal fin inserted posteriorly, the 
mid-point of its base nearer ventral than 

pectoral fins . Prionace 

3b. First dorsal fin inserted anteriorly, the 
mid-point of its base nearer pectoral than 
ventral fins. 

4a. Second dorsal fin almost as large in area 
* as the first; teeth of both jaws smooth, 
narrowly triangular, with wide basal 
shoulders, the shoulders extending on 
each side of the central triangular 

portion ... \. A prionodon 

4b. Second doreal fin very much smaller than 
the first dorsal; teeth of at least the 
upper jaw serrated, more or less 
triangular. Etdama 


2b. Labial folds well developed, present on both 

jaws; teeth not serrate. Scoliodon 

lb. Spiracles present, small, situated behind the eye. 
5a, Teeth large, alike in both jaws, deeply 
notched on the outer edge and convex on 
the inner, heavily serrated; body in small 
and medium sized fish usually with irregu¬ 
lar dark spots on the sides which often 
coalesce to form bars; these spots and bars 
tend to disappear with age.... Galeocerdo 
5b. Teeth not deeply notched, curved on both 
sides; color and pattern not as above 

Galeorhinus 

Prionace Cantor, 1849. 


Prionace glauca (Linnaeus). 



Text-figure 13. 


Range: Tropical seas throughout the world; on 
the Pacific coast of America from Puget Sound 
southward to the Gulf of California: on the 
southern border of the tropical eastern Pacific it 
is recorded from Chile. (Mexico: Carmen 
Island, Gulf of California.) 

Field Characters: Large, elongate sharks with 
short head and long tapering snout; first dorsal 
fin closer to pelvic fins than to pectorals; upper 
teeth triangular, convex externally, concave in¬ 
ternally, all strongly serrated. Color above rich 
deep blue. (Illustration after Garman, 1913.) 

Size: Grows to 15 to 20 feet. 

Study MaUrial: None. 

Reftrenccs: Galevs glaucvs, Linnaeus, Systema 
Naturae, 10th Ed., 1, 1758: 235 (original descrip¬ 
tion). 

Prionate glauca , Osburn, R. C., & Nichols, J. 
T., Bull. Amer. Mus. Nat. Hist., 35, 1916: 341 
(young specimen, hand-line, Carmen Island, 
Gulf of California). 

Discussion: With the exception of the one Gulf 
of California specimen, records of this species are 
conspicuous by their absence in our region. The 
species is recorded north and south of the tropical 
eastern Pacific, both along the United States 
coast and in Chile. 

Fowler has synonymized the Chilean Car- 
charias pugae Perez, C. gracilis Philippi and C. 
aethiops Philippi with this species. In addition 
to these Chilean records there are a number of 
others under the name of glaucus. 

Whitley 17 uses the name Carcharhinus in place 
of Prionace for the blue sharks. The former 

Whitley, Fiahes of Australia, Part 1, The Sharks. 
1940: 107. 
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name has been hurled about to such a degree that 
we prefer retaining Prionace for the present for 
this genus. 


Aprionodon Gill, 1861. 

Aprionodon fronto (Jordan k Gilbert). 



Range: Mexico, Costa Rica. (Mexico: Guay- 
mas, Mazatlan; Costa Rica: Port Parker. Our 
Port Parker specimen extends the range of this 
species some 1,500 miles southeastward along the 
coast.) 

Field Characters: A shark with the second 
dorsal fin almost as large as the first, its base 
4/5th as long as that of the first, the fin larger 
than the anal and originating slightly further 
forward; ]x»ctoral fin broad, its breadth 70% of 
the length of the fin; teeth of both jaws narrowly 
triangular with wide basal shoulders, edges of 
teeth smooth. (Illustration from 8{>ecinien No. 
20,110:704 mm.) 

Description: The proportions, expressed in 
percentages of the total length, of the specimen 
obtained by the Zaca, are as follows: Specimen 
No. 22,110, 701 mm. total length. Length to 
caudal notch 70% ; snout to origin of first dorsal 
fin 30.2; snout to origin of second dorsal fin 03; 
snout to origin of pelvic fins 50.5; snout to origin 
of anal fin 04 2; vertical of posterior pectoral base 
to origin of first dorsal fin 0.95; vertical of inner 
tip of pectoral fin to origin of first dorsal fin 2.8; 
First dorsal fin base 9.5, anterior edge 11.2, 
posterior edge 4.25, vertical height from body 6.4. 
Interdorsal space 19.2. Second dorsal fin base 
6.95 { anterior edge 8.7, posterior edge 3.7, 
vertical height of fin from body 6. Caudal fin 
length 22.5, tip to origin of terminal lobe 5.7, 
length lower lobe 11.2. Pectoral fin base 6.1, 
anterior edge 14.8, posterior edge 6.5, greatest 
breadth 10.7. Pelvic fin base 6.25, anterior edge 
7.0, posterior edge 3.62. Anal fin base 5.35, 
anterior edge 7.7, interior edge 3.05, vertical 
height from body 5. Snout to eye 7.95, eye 
diameter 1.8. Snout to mouth 5.26, mouth 
width 9.2, symphysis to line joining angles of the 
mouth 5.1. Snout to outer angle of nostrils 4.83, 
intemarial space 5,55, nostril to mouth 2.7, 
length of nostril 1.63. Snout to 1st gill-slit 19.5, 
snout to 5th gill-slit 23.3. Height of 1st gill-slit 
4.1, height of 5th gill-slit 4.1. 

Teeth of both jaws narrowly triangular with 


broad, shoulder-like basal portion and with no 
trace of serrations. Laterally the teeth tilt 
backwards, increasingly so posteriorly. The 
teeth farthest back, because of this tilting, have 
the posterior basal portion accentuated. The 
edges of the teeth are translucent and rather 
delicate and a ragged broken edge can be pro¬ 
duced by the slightest effort. 

Color: In life the upper surfaces are in general 
yellow-green; two broad dark bands begin at the 
nape and unite in back of the second dorsal fin. 
Below pale green, becoming almost white on the 
lower snout, chin and between the pectoral fins. 

Size: The three known specimens of this species 
are small, 704, 723 and 915 mm. (27 to 36 inches). 

Food: Our specimen contained the remains of 
an unidentifiable fish about 115 mm. long. 

Local Distribution: Seined close inshore in 
daylight over a sandy beach. 

Study Material: 1 specimen. Costa Rica: Port 
Parker, 1 female (26,116) 704 mm., Jan. 18, 
1938, seined. 

References: Carcharias fronto, Jordan, 1). S. & 
Gilbert, C. II., Proc. U. S. Nat. Mus ., 5, 1882: 
102-103, not large specimen mentioned on page 
104 (description; type-locality: Mazatlan, Mex¬ 
ico; type No. 28167, U. S. Nat. Mus.). Jordan, 
D. S. & Gilbert, C. H., Bull V. S. Fish Comm., 
2, 1882: 105 (Mazatlan, Mexico; common name). 

Eulamia fronto, Evermann, B. W., & Jenkins, 
O. P, Proc. U. S. Nat. Mus., 14, 1891 (1892): 
129 (Guaymas, Mexico; 28 inch specimen). 

Carcharirius fronto, ? Jordan, L). S., Fishes of 
Sinaloa, 1895: 382 (erroneous note referring to 
a large, man-eating shark). Jordan, D. 8. & 
Evermann, B. W\, Fishes North and Middle 
America, 1, 1896: 39 (description; length errone¬ 
ously given as 10 feet). Jordan, D. 8., Proc. I r . S. 
Nat. Mus., 8, 1885 (1886): 363 (check-list), 

Carcharinus milberti , Garman, 8., The Plagio- 
stomia, 1913: 133 (synonymy only, in part). 

Carcharhinus milberti, Meek, 8. E. & Hilde¬ 
brand, 8. F., Marine Fishes of Panama, 1, 1923 
38 (synonymy only, in part). 

? Eulamia plwnbea, Fowler, H. W., Proc. 4th 
Pac. Sci. Congr., Java, 1929 3, 1930: 492 (? 
Mazatlan record). 

Discussion: The 704 mm. specimen that we 
refer to this species agrees well with the descrip¬ 
tion of the 915 mm. type, except for the following: 
there is but one gill-opening definitely over the 
pectoral base, and the anterior margin of the 
pelvic fins is shorter than the distance between 
the angles of the mouth. However, the general 
agreement is so close that we have no hesitation 
in assigning our Costa Rican specimen to fronto. 

In the original description of fronto, lt>ased on an 
adult and & young shark, it is obvious that two 
species are represented, the first half of the 
description referring to a fish with an exception¬ 
ally large second dorsal fin and narrowly triangu¬ 
lar, broad-based teeth. The second half of the 
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description, in which the body-measurements are 
admittedly inaccurate, as they were made with¬ 
out instruments, is of a ten-foot shark with much 
smaller second dorsal fin and serrated teeth. 
The latter fish may represent a specimen of 
Eulamia azureus. We here delimit the first half 
of this description, referring to the small specimen 
designated as the type, as the original description 
of fronto. 

Our transfer of the species to the genus 
Aprionodon is based upon the following. Jordan 
& Gilbert in the original description of fronto 
state: “Edges of teeth appearing minutely 
Berrulate under a lens.” This condition is not 
true of our specimen as even under fairly higli 
power the tooth edges are entire except where 
their rather delicate borders have become irregu¬ 
larly nicked from some external agency. 

In order to check on this discrepancy, Dr. 
Leonard P. Schultz of the U. S. National Museum 
was asked to examine the teeth of the type speci¬ 
men of Carcharias fronto. He reports. . . 

the teeth do not have serrations, only rough here 
and there from some external cause.” 

We thus have evidence from the type and an 
additional shark that the teeth are smooth and 
we consequently assign the Bpecies to Aprionodon. 
It may oe mentioned that Aprionodon fronto 
differs considerably in appearance from the 
species of Eulamia found along the tropical 
Pacific coastj the similarity in size of the two 
dorsal fins giving the fish a distinctivc appear¬ 
ance. In this it resembles the Atlant ic Hypo prion 
brevipinnis and some of the western Pacific 
species of Aprionodon. 

Probably as the result of true fronto being 
considered as the young of a large, serrated¬ 
toothed shark (a natural conclusion, considering 
the inference supplied by the two specimens in 
the original description), Garman synonymized 
this species and the eastern Pacific Eulamia 
azureus with the Atlantic Ocean Eulamia 
milberU. In this he has been followed by other 
authors. 

Eulamia Gill, 1801. 

Key to tropical eastern Pacific species 1S 

la. Sides of the body with a band-like continuation 

of the dark color of the upper surfaces ex- 

* tending backward along the sides t o above the 
pelvic fins, enclosing above it a section of the 
white of the underparts; tips of fins black; 
teeth of both jaws narrowly triangular with 
a broad shoulder-like base, all of the teeth 
distinctly serrated on their margins; lower 
teeth considerably narrower than the upper. 

aethalorvs 

lb. Color pattern not as above. Teeth, especially 

those of the upper jaw, not as above, either 
broadly triangular, or with one side notched, 
or with a broacf shoulder-like base on one 
side only. 

2a. Snout exceptionally long and thin; inter- 
narial space equal to or only slightly exceed¬ 
ing the length of one of the nostrils; nostril 
openings almost transverse velox 


2b. Snout not especially long and narrow: inter- 
nari&l space at least two and a half times 
or more as broad as the length of a nostril. 
3a. Origin of the 2nd dorsal fin opposite or be¬ 
hind the vertical of the middle of the anal 

fin. card ale 

3b. Origin of the 2nd dorsal fin opposite or in 
advance of the ongtn of the anal fin. 

4a. Snout short and bluntly rounded, the 
preoral portion 1.66 to 1.9 in the dis¬ 
tance between the angles of the mouth; 
origin of the 2nd dorsal fin conspicu¬ 
ously in advance of that of the anal fin 

azureus 

4b. Snout not as short and blunt, the preoral 
portion slightly less to slightly longer 
than the width of the mouth, not as 
short as mentioned above; origin of the 
2nd dorsal fin slightly in advance of 
that of the anal, or directly above. 

5a. Teeth finely serrate, not notched; ori¬ 
gin of the 2nd dorsal fin slightly in 
advance of the origin of the anal fin. 

lamiella 

5b. Teet h coarsely serrate, usually notched; 
origin of 2nd dorsal fin approxi¬ 
mately above that of the anal. 

6a. Tips of some of the fins white. 

platyrhynehvs 
6b. Tips of the fins dusky, never white. 

yalapagtmu, 


Eulamia aethalorus (Jordan & Gilbert). 

C'azon. 

(Plate II, Fig. 2). 

Range: Pacific mainland from Lower California 
and the Gulf of California to Peru (Mexico 
Concepcion Bay, La Paz, Arena Bank, Mazatlan; 
Guatemala: Chiapam; Panama: Panama Bay; 
Peru: Lobos de Afuera Island). 

Field Characters: A medium-sized shark with 
conspicuous black tips to the fins and a dark 
band along the sides as far back as the pelvic 
fins, enclosing above it a section of the white 
underparts. Teeth of the jaws narrowly tri¬ 
angular with broad, shoulder-like basal portions; 
upper teeth finely serrate, lower teeth almost 


l * Tho difficulties of identify iok some of ihe species of 
this genus have long been manifest, and during the Zaca 
and Arcturus expeditions this fact was appreciated more 
than ever when sliarks too large to preserve were caught. 
While working over our preserved material, it became 
even more evident that the synonymies and concepts of 
tile species of Eulamia of the Pacific were far from being 
clean-cut and exact. 

In an attempt to straighten out the confusion that 
existed in our minds while reviewing the literature of the 
sharks of the eastern tropical Pacific, wo decided to dis¬ 
card all references that merged the eastern Pacific forms 
with species of supposedly world-wide distribution and 
to start over again with types and original descriptions 
of the species that have been described from the region 
under discussion We have not attempted to recorrelate 
the eastern Pacific forms with species from other regions. 
These littoral species seem to represent valid local species. 

The change with ago of many characters in this group 
is considerable, and because of this we have given the 
exact length of each specimen discussed. 

Two imperfectly described species that apparently be¬ 
long to the genus Eulamia are described from the west 
coast of South America. We have not been able to satisfy 
ourselves as to their relationships They are Carcharias 
robustus Philippi (Ann. Univer. Chile, 93, 1896:389) and 
Eulamia philtppi Fowler, described as Carcharias 
brachyrrhynchus by Philippi (Ann. Univer . Chile, 71, 
1887- 640) and renamed by Fowler. 
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smooth. (Illustration after Meek & Hildebrand, 
1923: 850 mm.) 

Color: Dusky bronze above; dead white on 
lower snout, head and lower surfaces of the 
pectoral fins; belly, first dorsal and anal fins 
grayish; the dusky bronze covers the upj>er 
surface of the pectoral fins and extends back in a 
long narrowing band along the lower sides to 
above the pelvic fins, enclosing a wider band of 
whitish from the sides of the peduncle forward, 
dying out at the vertical of the center of the 
first dorsal fin. Pelvic fins above, and caudal fin 
bronzy dusky like the back. Paired fins white 
below with jot black tips, the black extending 
down the posterior edge of the pectorals. Pos¬ 
terior edge ol the first dorsal black; distal half of 
second dorsal black; posterior edge of caudal 
black. Anal fin pale with a large black spot at 
the tip. Iris pale brassy. (2,070 mm. fish.) 

In the embryos from the specimen just de¬ 
scribed, the color pattern of the sides is even 
more marked than in the adult. They also 
possess conspicuously black-tipped fins. 

Size and Weight: Grows to at least seven feet. 
A 2,070 mm. (81 inches) shark weighed 123 
pounds. A G30 mm. embryo weighed 3 pounds. 

Parasites: Eighteen copepod parasites, A libi¬ 
tum sp. taken from this species plus a specimen of 
Racinela aries t from the gills. 

Food: This shark took dolphin-fish bait while 
it was associated with several other sharks in the 
vicinity of a school of hundreds of large crevalle 
(Caranx caninus). In the stomach of the shark 
were 24 California sardines ( Sardinia caerulea). 

Breeding: Four embryos averaging 630-650 
mm. in length were taken from the 2,070 mm. 
adult; they were close to being bom. 

These full-grown embryo sharks were roughly 
one-third the total length of the adult. Twenty- 
four comparative measurements of mother and 
young showed a slight increase in the embryos in 
relative lengths of the predorsal part of the fish, 
such as snout to mouth, snout to pectoral, snout 
to first dorsal fin. The eye was somewhat larger. 
The pectorals were slightly smaller as was the 
second dorsal, and the depth was proportionately 
less. On the whole, however, there was an 
astonishing agreement in the proportions of the 
mother and unborn offspring. 


This absence of marked dissimilarity in pro¬ 
portions seems to find its explanation in the total 
lack of larval or real adolescent life. These 
embryos, when freed from the mother and the 
umbilical cord, straightway swam off, showing 
perfect correlation, avoiding the sides and bottom 
of a large tub, snapping at anything offered to 
them and apparently functioning in almost every 
way that a shark requires in order immediately 
to begin a successful career in the open sea. At 
the first impact of the outside world these embryos 
are perfect sharks in miniature, quite unlike the 
condition of those fish which hatch from eggs 
near shore or the bottom of shallow w r aters. 

Study Material: 4 specimens. Mexico: Arena 
Bank, Low r er California, 3, adult female (teeth 
saved) and two young (25,471, 25,472, 25,472B.), 
2,070, 630, 650 mm., April 30, 1936, adult 
captured on rod and line with sailfish bait; 1, 
Concepcion Bay, Lower California (U. 8. Nat. 
Mus. 46851), collected by the Albatross. 

References: Carcharias aethalorus , Jordan, D. 
S. & Gilbert, C. H., Proc. U. S. Nat. Mus., 5, 
1882: 104 (original description, color; type- 
locality: Mazatlan, Mexico). Jordan, D. 8. & 
Gill>ert, C. II., Bull. U. S. Fish Comm., 2, 1882: 
105 (Mazatlan, Mexico), 109 (Panama). Gil¬ 
bert, C. H. & Starks, E. C., Fishes of Panama 
Bay, 1904: 9 (teeth, claspers, proportions; 
Panama), 207 (distribution, Gulf of California). 

Carcharhinus aethalorus , Jordan, D. 8., Proc. 
U. S. Nat. Mus ., 8, 1885 (1886): 363 (check-list). 
Jordan, D. 8., Fishes of Sinaloa, 1895: 383 
(relationship with limbatus). Jordan, D. 8. & 
Evermann, B. W., Fishes of North and Middle 
America, 1, 1896: 40 (description, range). 

Carcharinus aethalorus , Carman, S., Bull. Mus. 
Comp. Zool. , 46 (12) 1906: 229 (Panama). 

Carcharias limbatus , Gunther, A., Cat. Fishes 
Brit. Mus., 8, 1870: 373-374 (Reference to speci¬ 
men from Chiapam only: Guatemala; refers to 
rnaculipinnis reference). 

Carcharinus Ivnbatus , Carman, 8., The Plagio- 
stomia, 1913; 127 (synonymy referring to 
aethalorus). 

Carcharhinus limbatus , Pellegrin, J., Bull. 
Mas. Hist. Nat. Paris, 7, 1901: 161 (Gulf of 
California). Nichols, J. T. & Murphy, It. C., 
Bull. Amer. Mus. Nat. Hist., 46, 1922 : 504 (jaw 
from Lobos de Tierra, Peru). Meek, 8. E., & 
Hildebrand, S. F., Mariue Fishes of Panama, 1, 
1923: 41 (description; synonymy referring to 
aethalorus; Panama). 

Carcharinus natator , Meek, 8. E. & Hildebrand, 
S. F., Marine Fishes of Panama, 1, 1923: 41, 
Plate 1, fig. 1 (original description, color, figure; 
type locality, Panama City, Panama; type No. 
79310, U. 8. Nat. Mus.). 

Carcharias maculipinna (not of Poe>) Gunther, 
A., Trans. Zool. Soc . London , 6, 1868: 490, teeth, 
dimensions; Guatemala, Chiapam. 

Discussion: We have two embryos of this 
species at hand that agree excellently with the 
original description of aethalorus , and the teeth, 
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field description, measurements and photo¬ 
graphs of the 2,070 mm. parent; these specimens 
were taken at Arena Bank, Lower California, 
160 miles N. by W. of Mazatlan, the type locality 
of the species. The embryos differ from the 
original description in having the base of the 
first dorsal fin slightly greater than the height (the 
opposite is true of the parent) and in the caudal 
fin being 29% of the length instead of 25% (the 
parent has the same measurement 27%), 

Comparing the adult female with the original 
description of aethabrus, which is of a male 30 
inches or 762 mm. in length, the following slight 
differences are observed: the preoral distance is 
81% of the mouth width instead of being equal; 

30 24 

the teeth are ^ instead of ^ (Panama specimens 
29 

are recorded as the base of the first dorsal is 

1.2 in the interorbital width, not equal; the 
second dorsal fin base is 5.2 instead of 4 in the 
interdorsal space; the base of the 2nd dorsal fin is 
36% (instead of 50%) of the base of the first 
dorsal (in our embryos this distance is approxi¬ 
mately 50%;). 

Carcharinus natalor , described by Meek & 
Hildebrand from Panama Bay, we believe to be 
identical with aethalorus . The characters differ¬ 
entiating the two forms overlap when our em¬ 
bryos and large specimens are compared with 
the descriptions. Eulamia aethaloriis and natator 
both possess the same type of teeth, general 
proportions and relationships of fins. It must lie 
admitted that our specimens do not show the 
peculiar form of the snout, when viewed from 
the side, that is shown for natator in Meek & 
Hildebrand’s original illustration of their type. 
This peculiar conformation may have been 
caused by preservation. 

As far as coloration is concerned the two forms 
are the same. Both have conspicuous black- 
tipped fins and possess a distinctive color pattern 
on the sideR. In the original description of 
natator two ill-defined dark bands are mentioned, 
and in our two Gulf of California specimens these 
bands are strongly evident. However, the upper¬ 
most of these two bands is merely an intensifica¬ 
tion of the lower tiorder of the dark pigmentation 
of the dorsal surfaces and in the adult female this 
band has completely merged with the dark of the 
upper surfaces, leaving only the shorter, lower 
band conspicuously outlined. This band is 
mentioned above in the description under Color 
and can indistinctly be seen in the illustration* 
it was plainly visible in life and is so mentioned 
in our field notes. 

This shark is closely related to Eulamia 
Umbatus of the Atlantic. 


Eutomia velox (Gilbert). 
(Plate II, Fig. 3). 



Text-figure 16. 


Range: Lower California, Costa Rica and 
Panama Bay. (Mexico: Santo Domingo Point 
and Cape San Lucas, Lower California; Costa 
Rica: Port Culebra; Panama: Panama Bay. 
Previously known from three specimens taken in 
Panama Bay; our two specimens extend the range 
some 2,100 miles northeastward along the coast) 

Field Characters: A small elongate shark with 
a long narrow snout; nostrils large, the inter- 
narial space narrow, about equal, more or less, 
to the relatively large nostril openings. (Illus¬ 
tration after Gilbert & Starks, 1901: 1200 mm.) 

Color: Bronzy brown above, changing to silvery 
iridescence and dead white below. Second dorsal 
fin with a dusky tip. 

Size: The largest recorded specimen is 1,200 
mm. (47^2 inches) 

Food: The stomach of our Santa Domingo 
specimen contained the chelae of a crab, Ovalipes 
punctatm . 

Stvdy Malt rial: 3 specimens Mexico. Santo 
Domingo Point, Gulf of California, 1 female 
(25264), 945 mm, April 16, 1936, hand-line; 
San Lucas Bay, Low*er California, 1, April 23, 
1936, hand-line. Costa Rica. Port Culebra, 1 
female (26134) 735 mm , Jan. 25, 1938. 

Refir(nc(s: Carcharhinm velox, Gilbert, C. H., 
in Jordan, i). S. & Evermann, B. W., Fishes 
North and Middle America, 3, 1898: 2747 
(original description, color; type locality, Pana¬ 
ma; type, No 11893, University Museum, Stan¬ 
ford University). Meek, S. E. & Hildebrand, 
S. F., Marine Fishes of Panama, 1, 1923 : 45 
(description, Panama market). 

Carcharia8 velox, Gilbert, C, H. & Starks, E. C., 
Fishes of Panama Bay, 1904 : 5 (deposition of 
type) 9, Plate 1, fig. 3 (copy of original descrip¬ 
tion, figure), 207 (distribution). 

Carcharinus velox , Carman, S., The Plagio- 
stomia, 1913: 130 (description). 

Discussion: These are the fourth, fifth and sixth 
recorded specimens of this rare species. The 
previously known ones are the type, taken by 
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Gilbert in Panama Bay, and two specimens taken 
by Meek & Hildebrand, also at Panama* The 
present specimens agree perfectly with Gilbert's 
description of a 1,200 mm. fish and with the 
description given by Meek& Hildebrand. 

Eulamia cerdale (Gilbert). 



Range: Mexico to Ecuador and the Gal&pagos 
Islands. (Mexico: “coast of Mexico” — Kumada 
& Hiyama; Panama: Panama Bay, and at sea 
130 miles S. W. of Burica Point, Panama; 
Colombia: Buenaventura; Ecuador' Guayaquil; 
Galapagos Islands, South Seymour and Albe¬ 
marle. Also known, according to Meek & 
Hildebrand, from the Atlantic side of the Isthmus 
of Panama.) 

Field Characters: A small shark lacking con¬ 
spicuous folds and grooves about the angles of 
the mouth and with the origin of the 2nd dorsal 
fin at or behind the vertical of the middle of the 
anal fin; teeth serrate, those in the upper jaw 
broader and more oblique than those in the 
lower and with broader bases; a rather prominent 
notch behind the large triangular cusp of the 
lateral teeth in the upper jaw. Bluish-gray above, 
pale lielow. (Illustration after Kumada & 
Hiyama, 1937: 537 mm.) 

Size: Herre’s largest specimen was 1,235 mm. 
(49 inches). This, judging by Meek & Hilde¬ 
brand, is a small sj)ecies. 

Study Material: 1 specimen, Panama (U. S. 
Nat. Mus. 50438) collected by Gilbert. 

References: Carchartnus sp. indes., Jordan, I). 
8, Proc. U. S. Nat. Mus., S, 1885 (1880): 303 
(name only; specimens destroyed by fire l>efore 
publication of description). 

Carcharhmus ceidale , Gilbert, C. H., in Jordan, 

D. S. & Evermann, B. W., Fishes of North and 
Middle America, 3, 1890: 2740 (original descrip¬ 
tion, color, abundance, comparison with aethalo - 
rus; type locality: Panama; type No. 11,884, Uni¬ 
versity Museum, Stanford University). Meek, 
S. E. & Hildebrand, 8. F., Marine Fishes of 
Panama, 1, 1923: 47 (description, synonymy, 
color, discussion of Atlantic coast relative, range). 

^ Carcharias cerdale, Gilbert, C. H. & Starks, 

E. C., Fishes of Panama Bay, 1904: 5 (number 
and disposition of type), 10, Plate 2, fig. 4 
(description, color, abundance, comparison with 
aethalorus, figure; Panama). Starks, E. C., 
Proc. U. S. Nat . Mus., 30,1906: 762 (range), 763 
(Ecuador). 

Carcharinus cerdale, Garman, S., Bull. Mus. 
Comp, loot., 46, 1906: 229 (Panama), Herre, 


A. W., Field Mus. Nat. Hist., Zool. Ser., 21,1936: 
22 (synonymy, short description, color, size; 
Galdpagos Islands and at sea). 

Charcharhinus cerdale, Wilson, C., Ann. Cam. 
Mus., 10, 1916: 58 (Colombia, Ecuador). 

Eulamia cerdale , Fowler, H. W., Acad. Nat. 
Sri. Phila., Monograph No. 2, 1938 : 249 (men¬ 
tioned in check-list of Galapagos Island fishes). 

Carcharinus menisorrah (in part) Garman, 8., 
The Plagiostomia, 1913:135 (synonymy referring 
to cerdale only). 

Carcharhmus lamiella (not of Jordan & 
Gilbert), Kumada, T., & Hiyama, Y., Marine 
Fishes Pacific Coast of Mexico, 1937: 16, Plate 
48 (short description, referring to almost any 
shark; figure referable to cerdale). 

Discussion: The figure of Kumada & Hiyama 
agrees almost entirely with the original figure of 
cerdale , and even though this record extends the 
distribution of the species to an indefinite locality 
on the coast of Mexico, we consider this extension 
justified. 


Eulamia azureus (Gilbert <fc Starks). 



Text-figure 18. 

Range: Mexico ?, Costa Rica, Panama and 
Ecuador. (? Mexico: Mazatlan; Costa Rica: 
Piedra Blanca Bay; Panama: Panama Bay; 
Ecuador: Guayaquil.) 

Field Characters: A large shark with broadly 
rounded head and with the origin of the 2nd 
dorsal fin well in advance of that of the anal; 
teeth of the upper jaw broadly triangular with 
their inner margins oblique and usually slightly 
convex, the outer margins concave or sometimes 
with a very slight notch; lower jaw with much 
narrower, triangular teeth on a broad base; upper 
jaw teeth serrate along entire border, lower 
teeth more finely serrate, the serrations less 
prominent and sometimes absent on the shoulders 
of the teeth. (Illustration after Gilbert & Starks, 
1904 : 920 mm.) 

Color: Dark gray above, wdiite below; fins with 
dusky tips. 

Size and Weight: Our 2,820 mm. (9 feet, 3 
inches) shark weighed 210 pounds. 

Food: This species at times feeds upon sting 
rays, as the spines of four of these animals were 
found embedded in the skin of the jaws of our 
shark. 

Parasites: Two leeches, Pontohdella muncala 
(Linn.), were taken from our Piedra Blanca 
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shark. A copcpod parasite, Rocimla aries, taken 
from the gills. 

Study Material: 2 specimens. Costa Ilica: 
Piedra Blanca Bay, 1 male (26148), 2,820 mm., 
Feb. 4, 1938, harpooned. Ecuador: Guayaquil, 
1 male (U. S. Nat. Mus. 53528) 1025 mm. 

References: Carcharias azureus , Gilbert, C. II. 
& Starks, E. C., Fishes of Panama Bay, 1904: 
5 (tyjie and disposition), 11, Plate 2, fig. 5 
(original description, color, figure; type locality, 
Panama; type No. 11884, University Museum, 
Stanford University; comparison with C. nica- 
raguends; size of male with undeveloped clasp- 
ore), 207 (distribution). Starks, E. C\, Proc. U. 
S. Nat. Mus., 30, 1906: 762 (distribution), 763 
(Guayaquil, Ecuador; specimen compared with 
type). (Jarman, S., Bull . Mu*. Comp. Zool ., 46, 
1906: 229 (Panama). 

Carcharias milberti , Carman, S., The Plagio- 
stomia, 3913:133 (references referring to azureus 
only; not description). Meek, S. E. & Hilde¬ 
brand, S. F., Marine Fishes of Panama, 3, 1923: 
38 (references referring to Pacific specimens and 
description of Ecuadorian skin on pp. 39-40; 
description). 

Eulamia plumbea, ? Fowler, H. W., Proc. J f th 
Pac . Sci. Congr ., Java 1929, 3, 1930: 492 (? 
Panama record). 

Discussion: We have had for comparison with 
our Costa Rican specimen, the 1,025 mm. shark 
recorded by Starks from Ecuador; we find that 
they are the same. The Ecuadorian shark was 
compared with the type by Starks and partially 
redoscribed by Meek & Hildebrand. 

The large specimen recorded under the original 
description of Carch arias Jr onto (Proc. (\ S. Nat. 
Mus., 5: 103-104) may be this species. As is 
stated, all of the measurements were taken 
without instruments and are questionable. 
However, there are no strong points of difference 
and the description of the teeth is in agreement 
with our specimen. 

This species is closely related to the Atlantic 
Eulamia milberti. 


Eulamia lamiella (Jordan & Gilbert). 
Bay Shark; Tiburon. 



Texi*figure 19. 

Range: Southern California to the Gulf of 
California. (Mexico: Concepcion Point and 
Mazatlan.) 


Field Characters: Broad-snouted shark growing 
to 15 feet, with origin of the 2nd dorsal fin 
slightly in advance of that of anal, preoral por¬ 
tion of the snout slightly less or slightly greater 
than the width of the mouth; teeth triangular, 
not notched, with fine serrations; grayish, tips 
of the pectoral fins slightly dusky. (Illustration 
from specimen No. 25263 : 840 mm.) 

Color: Dark gray above, grayish-white below; 
no markings; tins of the pectorals slightly dusky, 
the upper side dark; all other fins plain. 

The color of six embryos averaging 840 mm. in 
length, was as follows: Above slaty-black with 
sheen; dead white below; sides iridescent, 
changing from purplish to bronze to silvery; first 
dorsal dark bronze-gray, upper posterior margin 
broadly black; second dorsal same with the distal 
half black, dark at base with large, black distal 
spot, white below with corresponding distal 
black spot; pelvics pale gray with black tip; 
anal same with larger black spot; caudal with 
entire outline narrowly jet black, tips of lobes 
black, the rest gray. Iris silvery with greenish 
tinge. 

Size and Weight: Grows to 15 feet. A 2,616 
mm. (8 foot 6 inch) shark weighed 270 pounds. 

Abundance: Rare north of San Diego, fairly 
common in San Diego Bay and southward. 

Parasites: Five copepod parasites, Alebion sp., 
taken from this species. 

Breeding: Our 2,616 mm. female had six young 
on April 16, 1936, about to be born. The young 
averaged around 840 mm. in length and were 
from 4 pounds 4 ounces to 8 pounds 12 ounces in 
weight. The litter was composed of one male 
and five females. 

Study Material: 3 specimens. Mexico: Con¬ 
cepcion Point, Lower California, 1 adult female, 
not saved (25262) and l embryo, saved (25263), 
2,616 and 840 mm., April 16, 1936, caught on 
hook and line. The type in the V. 8. National 
Museum was also examined. 

References: Eulamia lamia, Jordan, D. 8., & 
Gilbert, C. II., Proc. V. S. Nat. Mus., 4, 1881 
32 (First recording of specimen which later 
became the type of lamiella). 

Carcharias lamiella , Jordan, D. 8., & Gilbert, 
C. H., Proc. U . S. Nat. Mus., 5, 1882: 110 
(original description, color; type locality, San 
Diego, California; type, No. 27366, U. S. Nat. 
Mus.). 

Carcharhinus lamiella , Jordan, D. S., Fishes of 
Sinaloa, 1895: 382 (Mazatlan, Mexico; deformed 
tail). Jordan, D. S., & Evermann, B. W., Fishes 
North and Middle America, 1, 1896: 37 (de¬ 
scription; range). 

Carcharinus cornmersonii (in part), Garman, 
S., The Plagiostomia, 1913: 140 (synonymy 
referring to lamiella only). Meek, S. E., & 
Hildebrand, S. F., Marine Fishes of Panama, 1, 
1923 : 43 (synonymy referring to lamiella only, 
not description). 

Eulamia cornmersonii (in part), Fowler, H. W., 
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Proc. 4th Pae, Sri. Cong., Java, 1929 (1930): 
493 (localities referring to lamiella only; refer¬ 
ences include plaiyrhynchus). 

Discussion: The relationship of this species, 
and of plaiyrhynchus and galapagensis are not as 
clearly defined as might t>e desired. Thus we 
find that the original description of plaiyrhynchus 
states the following: “From lamiella it differs in 
the notched teeth and the anterior position of the 
first dorsal.” The type of lamiella , however, is 
not in accord with its original description and 
the first dorsal fin is much further forward than 
is stated. It is actually the same in ix>sition in 
both species. Relative fin positions are thus 
invalid as distinguishing specimens of lamiella 
and plaiyrhynchus . 

The teeth serrations in the two species con¬ 
stitute a real difference. Thus in lamiella , of 
which we have examined adult and young in 
addition to the young type, the serrations on the 
teeth are very fine, while in the more or less 
equal-sized specimen of platyrhynchm and the 
eight specimens of the closely related galapagi imx 
the serrations are exceptionally coarse. 

As far as galapafjensis and plaiyrhynchus are 
concerned, the original description of the former 
states: “The same in every respect as ('archarias 
plaiyrhynchus (Gilbert) except that the fins at 
all ages are of uniform coloration with the body, 
being never margined with white.” In the 
materials that we have examined the presence or 
absence of white fin tips is clearly demonstrable, 
and the specimens are easily assigned to one 
secies or the other on that basis, but the 
materials also indicate that further studies are 
needed involving series of young and old before 
these two forms are clearly defined. There 
seems to be considerable variation in our series 
of galapagensis, but owing to differences in size 
and lack of pertinent sized material we are 
unable to correlate these variations. 

It is of interest that, so far, all locality records 
of lamiella are continental, while those of platy- 
rhynchus and galapagensis, with the exception of 
a single questionable continental record for each 
species, are off-shore and insular. 

Carcharhinm lamiella possesses a low dermal 
keel between the first and second dorsal fins. 

This species has usually been synonymized 
under the Atlantic and Mediterranean Eulamia 
commersonii. 

Eulamia plaiyrhynchus Gilbert. 


White-tipped Shark. 



Range: Mexico: Magdalena Bay and Mazatlan 
(?), Revillagigedo Islands; Cocos Island, Clip- 
perton Island, Galdpagos Islands and at sea, 
230 miles N. W. of Chpperton Island. 

Field Characters: Small to medium-sized, 
broad-snouted sharks with the origin of the 2nd 
dorsal fin approximately above that of the anal; 
teeth of the upper jaw triangular with the outer 
margin notched or concave, serrated; lower 
teeth erect, narrow, serrulate. Gray, with the 
tips of the dorsal, pectoral and caudal fins 
tipped with white. (Illustration from Specimen 
No. 17,521, Field Museum; 700 mm.) 

Color: Dorsal fins, sometimes only the first 
dorsal, tipped with white; occasionally with the 
dorsal and pectoral fins tipped and posteriorly 
bordered with w T hite, the marginal parts of the 
fins pale. 

Size: Grows to nine feet. 

Abundance: A locally abundant fish. Beebe 
reports 10, five- to six-foot sharks seen while 
diving in one spot at Cocos Island. 

Food: Fish; a new species, Ponfinus strigatus, 
was taken from the stomach of this species. 
There is also a record of Diodon hystrix . 

Study Materials: 2 s]>ecimens. .Clarion Island, 
1 male (25594) 1,524 mm„ May 10, 1936, hand 
line, teeth preserved and photograph. 1, Tagus 
Cove, Gnldpagos Islands, 700 mm. (Field Mils. 
Nat. Hist. 17521), Jan. 9, 1929. 

References: Eulamia {Platypodon) platyrhyn¬ 
chm, Gilbert, C. II., Proc. (7 . S. Nat Mm., 14, 
1891: (1892): 543 (original description: part 
refers to galapagensis: Clarion Island, Magdalena 
Bay). 

Carcharias plaiyrhynchus, Snodgrass, R. E., & 
Heller, E., Proc . Wash. Acad. Sci., 6, 1905: 344 
(Clarion Island, near Clipperton Island, color 
note), 414 (280 rnm. Diodon hystrix from stom¬ 
ach). Beebe, W., The Arcturus Adventure, G. P. 
Putnam’s Sons 1925: 246, 435 (sociability), 
302, 435 (habits) 412 (Cocos Island). 

Carcharinus plaiyrhynchus , llerre, A. AW, 
Field Mas. Nat. Hist., Zool. Ser ., 21, 1936: 23 
(brief note on proportions, color and abundance; 
Cocos and Galdpagos Islands). 

Carcharhinm plaiyrhynchus, Jordan, D. S., A 
McGregor, R. C., Rep’t. U . S. Fish Comm., 1898 
(1899): 274 (Clarion Island). Jordan, D. S. & 
Evermann, B. W., Fishes North and Middle 
America, 1, 1896: 36 (description in part, re¬ 
mainder belongs to galapagensis). Heller, E., <$r 
Snodgrass, R. E., Proc . Wash. Acad. Sci., 5, 1903- 
209 (Galdpagos Is,. tyj>e of Pontinus strigatus 
taken from stomach;. 

Carcharinus commersonii (in part) Carman, 
S., The Plagiostomia, 1913: 140 (synonymy 
referring to plaiyrhynchus only). Meek, S. E., 
& Hildebrand, S. F., Marine Fishes Panama, 1, 
1923: 43 (synonymy referring to platyrhynchus ). 

Carcharias sp. incog., Jordan, D. S., & Gilbert, 
C. H., Proc . U. S . Nat . Mus., 5 1882 (1883): 107 
(teeth of Mazatlan fish, may refer to this species). 

Discussion: See under C. lamieUa 
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Eulamia galapagensis (Snodgrass & Heller). 



Text-figure 21. 


Range: Mexico: Lower California (?), (Marion 
Island; Clipperton Island; Cocos and Galdpagos 
Islands; and at sea 75 miles northeast of Malpelo 
Island. 

Field Characters: Small to medium sized, 
broad-snouted sharks with the 2nd dorsal fin 
origin approximately above that of the anal. 
Teeth of the upper jaw triangular, notched or 
concave on the outer margin and stronglv 
serrated. Lower teeth, narrow, erect, with much 
smaller serrations. Color uniform gray, the tips 
of the fins dusky, never tipped with white. 
(Illustration from specimen No. 5257: 798 mm.) 

Color: Iris silvery-gray. 

Abvndance: Herre states: “This shark swarms 
in the waters of the GaUpagos Islands and about 
Cocos Island. I have never seen sharks of this 
genus in such abundance as in these two localities. 
A great many of this species were caught by hook 
and line or harpooned. . 

Size and Weight: Grows to 8 feet. A 790 mm. 
(31 inches) fish weighed 7 pounds and a 1,260 
mm. (50 inch) shark weighed 24 pounds. 

Study Material: 8 specimens. Clarion Island, 
3 males and 1 female (25498, 25674,25675, 25676; 
590, 735, 768 and 842 mm.) May 10,1936, hook 
and line and harpooned. Tower Island, Galapagos 
Islands, 2 (5254, 5257) 790, 798 mm., April 8, 
1925, harpooned. Galdpagos Islands, 2 (Field 
Museum No. 17520) Jan. 9, 1929. Cocos 
Island, 1 (Field Museum No. 17519), Jan. 2, 
1929. 

References: Carcharias galapagemis, Snodgrass, 
R. K., & Heller, E., Proc. Wash. Acad. Sci., 6, 
1905: 343 (original description; short synonymy; 
range, size, food; type locality: Galdpagos 
Islands; type No. 12324, University Museum, 
Stanford University) Beebe, W., The Arcturus 
Adventure, G. P. Putnam’s Sons, New York, 
1926:184,302 (color of eye) ,412 (4-foot specimen 
harpooned, food, Galdpagos Islands). 

Eulamia galapagerms , Fowler, H. W., Proc. 
U . S. Nat. Mus., 80 (6) 1932:1 (teeth; Galipagos 
Islands). Fowler, H. W., Acad. Nat. Sci. Phila., 
Monograph No. 2,1938:13 (jaw and ventral fins 
of female from 75 miles northeast of Malpelo 


Island), 19 (references; jaws, ventral fins and 
section of skin; Galapagos Islands), 248 (check¬ 
list; range among GaMpagos Islands). 

Carcharinus galapagensis, Herre, A. W., Field 
Mus. Nat. Hist., Zool, Ser., 21, 1936: 22 (color, 
abundance, size; Galdpagos and Cocos Islands). 

Eulamia lamiella (?), Jordan, D, S., & Boll- 
man, C. H., Proc. U. S. Nat . Mus., 12, 1889:179 
(name only; Galdpagos Islands). 

Eulamia ( Platypodon ) plalyrhynchus (in part), 
Gilbert, C. H., Proc. U. S. Nat. Mus., 14, 1891 
(1892): 543 (non-white-margined specimens; 
Revillagigedo Islands). 

Carcharhinus platyrhynchus, Jordan, D. S., & 
Evennann, B. W. (in part), Fishes North and 
Middle America, 1, 1896: 36 (part of description 
referring to galapagensis). 

Discussion: Bee discussion under lamiella. 

Scoliodon Muller & Henle, 1837. 


Scoliodon lon&urio (Jordan k Gilbert). 



Text-figure 22. 


Range: Gulf of California, and coast of Mexico, 
Panama. (Mexico: Santa Inez Bay, Guaymas, 
Mazatlan, Ban Lucas Bay, Banderas Bay, 
Tangola-Tangola; Panama: Panama Bay.) 

Field Characters: A small, sharp-snouted shark 
with origin of the second dorsal fin above or 
posterior to the middle of the base of the anal 
fin; conspicuous labial fold and groove at the 
angle of the mouth, paralleling the jaw and 
extending forward about one third the distance 
from the gape to the front of the mouth. (Illus¬ 
tration after Meek & Hildebrand, 1923.) 

Color: Gray with a bluish tinge above, white 
below; tips of fins margined with dusky. 

Size and Weight: Grows to 1,068 mm. (42 
inches). A specimen of thin size weighed nine 
pounds. 

Local Distribution: All of the records and our 
specimens seem to indicate that this is a bay 
shark. 

Abundance: Locally abundant, based on 
Jordan’s and our experiences. 

Study Materials: 2 specimens. Mexico: Santa 
Inez Bay (24,993) 980 mm., April 13, 1936, 
hand-line; Puerto Yallarte, Banderas Bay. 1 
(27,054), 815 mni, Nov. 15, 1937, hand line 
(teeth saved). We nave also examined six speci¬ 
mens from San Lucas Bay, and an additional 
one from Santa Inez Bay. 
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References: C archarias longurio , Jordan, D. S., 
& Giliwrtj C. H,, Proc. U . S . Nat . A/iw., 5, 1882: 
106 (original description, color; type locality: 
Mazatlan, Mexico; types, Nos. 28,306, 28,330, 
28,331, 29,451, 29,551, U. S. National Museum). 

Carcharhinus longurio, Jordan, D. 8 ., Proc. 
P. S. Nat. Mus., 8, 1885 (1886): 363 (check-list). 

Scaliodon longurio, Jordan, D. 8., & Gilliert, 
C. H., Bull. U. S. Fish. Cmnm., 2, 1882: 105 
(Mazatlan, Mexico). Evermann, B. W., & 
Jenkins, 0. P., Proc . C. Aal Af14, 1891 
(1892): 130 (references; Guaymas, Mexico). 
Jordan, I). 8., Fishes of Sinaloa, 1895: 382 
(common at Mazatlan). Jordan, I). S., & Ever¬ 
mann, B. W., Fishes North and Middle America. 
1, 1896: 42 (description). Jordan, D. K., & 
Evermann, B. W., Fishes North and Middle 
America, 3, 1898: 2748 (note on teeth and size of 
first dorsal). Gilbert, C. H., & Starks, E. (\, 
Fishes of Panama Bay, 1904: 12 (6 specimens 
from Panama: note on porportions and teeth), 
207 (range; Panama and Gulf of California). 
Garman, S., The Plagiostomia, 1913: 114 (short 
synonymy, description, color; range). Meek, S. 
E., & Hildebrand, 8. F., Marine Fishes of Pana¬ 
ma, 1, 1923: 52, Plate 2, fig. 1 (short synonymy, 
description, color, figure, comparison with tyjies, 
claspers; Panama fish market, 525 and 700 mm. 
males). Breder, C. M., Jr., Bull. Bingham 
Oceanogr. Coll., 2 (1), 1928: 3 (specimen from 
unknown locality). Seale, A , Allan Hancock 
Pacific Expeditions , 9 (1), 1940: 1 (490 mm. 
specimen, Tangola-Tangola, Mexico). 


Galeocerdo Muller & Henle, 1838. 
Galeocerdo arcticus (Fal>er). 

Tiger Shark. 



Range: Tropical and temperate seas, north 
rarely to 70°. In the eastern coastal Pacific 
north to San Diego. (Mexico: Gulf of California, 
Santa Inez Bay, Concepcion Bay, Guaymas, 
Mazatlan, Tangola-Tangola; Guatemala: San 
Jose de Guatemala; Costa Rica; Golfito; Panama: 
Panama Bay and Pearl Islands; Clarion Island; 
Clipperton Island; Cocos Island; Galapagos 
Islands: Narborough, Albemarle and Guy Fawkes 
Island.) 

Field Characters: A large, heavy shark with 
blunt head; caudal fin large with very long upper 
lobe, and well-developed lateral keels at base; 
teeth alike in both jaws, semicircular, with a 


deep notch and coarsely serrated edges, the tips 
turned obliquely outward. (Illustration after 
Norman, 1937.) 

Color: Dark gray above, white lielow; numer¬ 
ous black, rectangular spots on body and fins, 
usually forming vertical liars, tiecoming rounded 
on upper caudal lobe. This pattern is lost on 
older individuals. Iris greenish-brown. 

Size: Readies a length of at least 20 feet 
(Record of 30 feet unconfirmed). 

Weight: A shark of 1,625 mm. (5 feet, 4 inches) 
weighed 137 pounds; l, 3,073 mm. (10 feet, 1 
inch) 366 pounds (liver 97 lbs. 26% of whole); 
1, 3,200 mm. (10 feet, 6 inches) 505 pounds; 1, 
3,886 mm. (12 feet, 9 inches) 780 pounds (liver 
188 lbs., 24% of whole). 

Local Distribution: Well offshore and in bays 
of only four fathoms depth. 

Abundance: Tiger sharks are fairly common 
throughout the area under consideration. 

Food: Almost any invertebrate or vertebrate 
of sufficient size may find a place in the diet of 
this shark. Our list is as follows: garbage (3 
stomachs), octopus (400 mm.), Heterndontus 
quoyi (375 mm.), sting rays (7 in 3 stomachs, 
four of them Probatis halleri), Gymnosarda 
alletterata (400 mm.), M yet eraperca jordani (600 
mm.), Diodon holacanthus (200 mm.), Ogcocepha - 
lus sp. (150 mm.), Iguana iguana (1,371 mm.), 
Chelonc mydas, full of eggs (760 mm.), feathers 
(3 stomachs), 2 Clarion shearwaters, Puffin us 
auricular is; and GaliSpagos sea-lion pup, Otaria 
jubata. 

Parasites: Two copepods taken from near the 
gills, Pandarus satyra Dana and Rocinela aries. 

Study Maternal: Definite notes were made on 
11 tiger sharks, and several other individuals 
were seen. All were hooked from the deck of 
vessels. Mexico: Santa Inez Bay, 1 (24,894), 
1,625 mm., April 9, 1936; Santa Inez Bay, 1, 
1,422 mm., April 9, 1936; Concepcion Bay, 1, 
1,625 mm., April 16, 1936; Clarion Island, 1, 
ca. 1,400 mm., Mav 11, 1936; Clarion Island, 1 
(25,655), 3,886 mm , May 13, 1936; Tangola- 
Tangola Bay, 1 (26,051), 3,073 mm., Dec. 10, 
1937; Costa Rica: Golfito, 1 (26,184), 3,200 mm., 
March 8, 1938; Panama. Pearl Islands, 1, 1,882 
mm., June 27, 1933; Galdpagos Islands: Tagus 
Cove, Albermarle Island, 1 (6159), 2,133 mm., 
June 7, 1925; Guy Fawkes Islands, 1, 4 *18 or 20 
feet/’ March 31, 1923, ‘‘seen to kill and devour 
a sea-lion pup”; Cocos Island: 1, “ 15 to 18 feet,” 
May 17, 1925. 

References: Squalus arcticus , Faber, Fische 
Islands, 1829: 17 (Iceland and neighboring seas). 

Galeocerdo tigrinus, Jordan, I). S., & Gilbert, 
C. II., Bull. U. S. Fish Comm., 2, 1882 (1883): 
112 (San Jose de Guatemala). Gilbert, C. H., 
Bull. U. S. Fish Comm., 2, 1S82 (1883): 105 
(Mazatlan, Mexico). Pellegrin, J., Bull. Mus. 
Hist. Nat., Paris , 7, 1901. 161, 166 (Gulf of 
California, danger to man). Snodgrass, R. K., 
& Heller, E., Proc. Wash. Acad., 6, 1905 : 342 
(Albemarle and Narborough Islands, Galdpagos 
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Islands). Fowler, II. W., Proc. Acad. Nat. Sci. 
Phila.y 60, 1908 : 61 (jaws from Guaymas, 
Mexico). Beebe, W., “Galapagos: World's 
End,” New York, 1924: 201, 434 (Guy Fawkes 
Islands, Gal&pagos; eating sca-lion pup). 

Galcocerdo maculatus , Jordan, D. S., & Boll- 
man, C. H., Proc. U. S. Nat. Mus., 12, 1890: 179 
(Panama). 

Galeoccrdo arctic us, Meek, S, E., & Hildebrand, 
8. F., Marine Fishes of Panama, 1, 192.3: 56 
(once taken on the Pacific Coast by the Alba¬ 
tross). Beebe, W., “The Arcturus Adventure,” 
New York, 1926: 247, 435 (Cocos Island). 
Breder, C. M., Jr., Bull. Bingham Oceana. Coll., 
2 (1), 1928: 3 (specimen from unknown locality). 
Schmitt, W. L., Annotated List of Fishes, 
Presidential Cruise, 1938, privately printed, 1938: 
v (Weights; Cocos, Clipperton, and Galiipagos 
Islands). 


Galeorhinus Blainville, 1816. 

We have no material referable to this genus. 
It is evident from the confused literature that 
careful study should be made of the relation¬ 
ships of the northern Galeorhinus zyopterus and of 
the specimens reported from Peru and Chile as 
zyopterus, 19 galcus , ,2 ° molinae,' 11 and chile n sis. n 
Fowler 28 places all of these records under the 
name gale us. 

Apparently there are no records of the genus 
from the tropical eastern Pacific, beyond those 
from Cedros Island and Peru, the northern and 
southern boundaries respectively, of our region. 


Family Spiiyiinidae. 

Sphyrna Rafincsque, 1810. 
Hammerhead and Shovelhead Sharks. 

Key to tropical eastern Pacific species. 24 

la. Second dorsal fin with a long posterior lobe, 

which when lifted upward, will reach about 
twice as high as the fin; anterior margin of the 
head three-lobed. ... zygaena 

lb. Second dorsal fin with a short posterior lobe, 

which when lifted upward, will reach about 
as high as the fin. 

2a. Front margin of the head between the nasal 
apertures lobed, the front margin not 
forming a continuous curve. 


10 Everxnaiw 4c Radclifte, U. S. Not. Mus., Bull. 95: 
1917: 10. 

io Fowler, Proc. 4th Pac. Sci. Congr. Java 1929, 3, 
1930: 400. 

« Philippi, Ann. Univers. Chile , 71, 1887: 543, Plate 4, 
flg. 2. 

*> Perez, Estudioe sobre algunos oscualos de la costa 
de Chile, 1886: 3. 

« Fowler, l. c., 490. 

Adapted with slight modifications from Springer 
(1940). Sphyrna peruana PhiUipi from Chile and Peru 
has not been considered here. The amount of material 
in our collection of zygaena and tudes is so small that we 
have made no attempt to determine whether the eastern 
Pacific species should be considered as local races, as 
seems to be indicated in many of the littoral tropical 
eastern Pacific sharks. 


3a. Head hammer-shaped; oculo-nari&l expanse 
irregularly quacfrangular, almost exactly 
transverse in old adults; teeth heavy, 

serrate. tudes 

3b. Head not definitely hammer-shaped; oculo- 
narial space irregularly oval; teeth 

slender, not serrate. corona 

2b. Front margin of the head between the nasal 
apertures not lobed, the front margin form¬ 
ing a continuous curve. 

4a. Teeth with low cusps, the cusps pro¬ 
gressively smaller towards the angles 
of the jaws, entirely absent on one or 
two rows in the upper jaw and on four 
or five rows in the lower iaw: head 
broadly spade-shaped; length of snout 
to mouth 1.5 to 1.75 in the internasal 

distance. vesixrtina 

4b. All teeth with cusps: oculo-narial space 
broadly oval; length of snout to mouth 
2.2 in internasal distance. media 


Sphyrna zygaena (Linnaeus). 
Cruz, Pez Martdlo. 



Range: Tropical and temperate seas; known in 
the eastern tropical Pacific from southern Cali¬ 
fornia, Mexico, Panama, Peru and the Galapagos 
Islands. (Mexico: San Lucas Bay, Mazatlan, 
Guaymas; Panama: Panama; Peru: Lobas de 
Tierra, Callao; GaMpagos Islands). 

Field Characters: A large shark with head 
expanded laterally, hammer-shaped; anterior 
edge of head between nostrils three-lobed; a line 
connecting the centers of the eyes passes through 
the mouth; diameter of eye greater than anterior 
extension of head immediately in front of eye; 
posterior lobe of second dorsal fin, when lifted 
upward, roaches twice as high as the fin. (Illus¬ 
tration from specimen 25,549; 1,030 mm.) 

Size: Grows to 17 to 20 feet and a weight of 
1,500 pounds. 

Study Material: 1 specimen. Mexico: San 
Lucas Bay, Lower California, 1 (25,549), 1,030 
mm., May 5, 1936, harpooned. 

References: Squalus zygaena , Linnaeus, Syst. 
Nat., ed. X, 1758: 234 (original description; 
Europe, America). 

Sphyrna zygaena, Jordan, D. S. & Gilbert, C. 
H., Bull. U . S. Fish Comm., 2,1882:105 (Mazat¬ 
lan). Jordan, D. S., & Gilbert, C. H., Bull. U . S. 
Fish Comm., 2,1882:109 (Panama). Evermann, 
B. W., & Jenkins, O. P„ Proc. U. S. Nat. Mus., 
14, 1891 (1892): 131 (2J^ foot specimen from 
Guaymas, Mexico). Jordan, D. S., Fishes of 
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Sinaloa, 1895 : 383 (Mazatlan). Jordan, D. S., 
& Evermann, B. W., Fishes of North and Middle 
America, 3, 1898 : 2748 (Mazatlan). Pellegrin, 
J., Bull . Mm. Hist. Nat., Paris, 7, 1901: 161 
(Gulf of California). Gilbert, C. H., & Starks, 
E. C., Fishes of Panama Bay, 1904: 13 (abun¬ 
dance in Panama Bay), 207 Orange). Starks, E. 
C., Proc. U. S. Nat. Mm., 30, 1906: 762 (eastern 
Pacific range). 763 (Callao, Peru). Garman, S., 
Bull. Mus. Comp. Zool. , 46 (12), 1906: 229 
(Panama). Ilussakof, L., Copeia, 34, 1916: 
63-64 (comparison of Atlantic and Pacific 
hammerheads, development of teeth). Ever¬ 
mann, B. W., & Radcliffe, L., Bull . V. S. Nat. 
Mus., 95, 1917: 5 (lx)bos <le Tierra, Peru; meas¬ 
urements of a 1,000 mm. shark, short synonymy, 
questioning relationship of >S\ peruana Philippi). 
Nichols, J. T., & Murphy, li. C., Bull. Amer. 
Mm. Nat. Hist., 46, 1922: 504 (Lobos de Tierra, 
Peru). Walford, L. A., Fish and Game of Cali¬ 
fornia, Bull. 45, 1935: 40, fig. 38 (figure, notes). 
Walford, L. A., California Fish and Game , 17, 
1931: 404 (off southern California coast, landed 
at San Pedro and Santa Monica). Clark, 11. W., 
Proc. Cal. Acad. Sn., (4) 21 (29) 1936: 395 
(Gal&pagos Islands, pile of dried skins). Wal¬ 
ford, L. A., Marine Game Fish of the Pacific 
Coast, 1937: plate 25 (figure). Seale, A., Allan 
Hancock Pacific Expeditions, 9 (1), 1940: 2 
(Gal&pagos Islands; abundance). 

C(stracion zygaena , Garman, S , The Plagio- 
stomia, 1913: 157, plate 1, fig 1-3 (Synonymy, 
do^. of Atlantic specimen, figure). 

Discussion: Our specimen from San Lucas Bay 
agrees well with illustrations of specimens re¬ 
corded as zygaena from the Atlantic and other 
localities. 


Sphyrna tudes Valenciennes. 



Range: Tropical seas. (All of the definite 
records within the coastal tropical eastern Pacific 
area, are concentrated in the Gulf of California: 
Concepcion Bay, Arena Bank, San Francisquito 
Bay, Guaymas.) 

Field Characters: A large shark with head 


expanded laterally, hammer-shaped; anterior 
border of head between the nostrils four-lobed; 
a line joining the centers of the eyes passes in 
front of the mouth; diameter of eye equal to 
anterior extension of head immediately in front 
of eye; posterior lobe of second dorsal fin, when 
lifted upward, reaching about as high as the fin 
(Illustration from specimen No. 25247; 1,334 
mm.). 

Size and Weight: Grows to about 5 feet. 

Study Material: 2 specimens. Mexico: Con¬ 
cepcion Bay, Lower California, 1 (25,247), 1,334 
mm., April 16, 1936 (head and ]>ectoral fins 
preserved). Arena Bank, Lower California, 1 
(25,485), May 1, 1936, dried head picked up on 
beach, 767 mm. across the “hammer.” 

References: Sphyrna tudes , Valenciennes, A., 
Mem. Mus. Hist. Nat. Paris , 9, 1822: 225, PI. 12, 
fig. 1 (original description, figure). Evermann, 
B. W., & Jenkins, (). P., Proc. U. S. Nat. Mus., 
14, JS91 (1892): 131 (Guaymas; synonymy 
wrong). Pellegrin, J., Bull. Mus. Hist. Nat. 
Paris, 7, 1901: 161 (name only, Gulf of Cali¬ 
fornia), 166 (abundance). Breder, C. M., Jr., 
Bull. Bingham Oc(anogi\ Coll., 2 (1) 1928: 4 
(San Francisquito Bay, Gulf of California). 

Discussion: The two fish at hand constitute 
too small a sample for adequate comparison with 
specimens of tudes from other localities. The 
large head agrees in shaj>e and form with the 
head of the smaller example and there is no doubt 
that the two heads represent the same species. 
They both agree well with descriptions of tudes 
from other localities. The teeth of the large 
fish are lost; those of the 1,334 mm. shark are 
non-serrated. 

This species, although supposedly wide spread 
in tropical seas, seems to be known in the eastern 
tropical Pacific only from the Gulf of California. 
Springer (1940) has shown that some of the 
older records within our faunal area that were 
assigned to tudes belong to new species described 
by him. 

The Galapagos Islands record of tvdes 2b of 
Snodgrass & Heller, is inconclusive and may 
refer to some of Springer’s species 


Sphyrna corona Springer. 

Range: Panama (Panama City) and “west 
coast of Mexico.” 

Field Characters: Medium sized sharks with 
head expanded laterally, kidney-shaped; front 
of head lobed, the posterior liorder of the head 
not parallel to the anterior border. (Illustration 
after Springer, 1940). 

Size: Grows to about three feet. 

Study Material: None. 

Refei'ences: Sphyrna coiona, Springer, S., Stan- 
ford Ichthy. Bull., 1 (5) 1940: 163, fig. 4 (original 


Snodgrass. R E., & Holler, E., Proc. Wash. Acad . 
Set., 6, 1905: 345 
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description, figure; type-locality Panama; type, 
No. 11,882, Stanford University). 

Sphyma tudes , Jordan, 1>. S., & Evermann, 
B. W., Fishes of North and Middle America, 
1,1896: 44 (in part). 

Sphyrna tibnro , Kumada, T., & Hiyania, Y., 
Marine Fishes of the Pacific Coast of Mexico, 
1987: 17, plate 1 (figure and short comment). 

Discussion ; Judging by head shape, the approx¬ 
imately 915 mm. shark figured by Kumada 
Hiyama (/. r.) under the name of Sphyrna tiburo , 
is the same as corona. 


Sphyma vespertina Springer. 



Range: Panama and Ecuador. 

Field Characters: A small shark with expanded 
spade-shaped head, the front margin of the head 
between the nostrils not lot>ed, the head slightly 
pointed anteriorly; teeth with low cusps, the 
cusps becoming progressively smaller toward the 
angles of the jaws, entirely absent on one or two 
rows in the upper jaw and on 4 to 5 rows in the 
lower jaw. (illustration after Springer, 1940.) 

Size: Grows to about three feet. 

Study Material: None. 


References: Sphyrna vespertina, Springer, S., 
Stanford Ichthp. Bull, 1 (5), 1940: 161, fig. 2 
(original description, figure: type-locality, Pana¬ 
ma; type, No. 11,584, Stanford University). 

Sphyrna tiburo , Gilbert, C. H M & Starks, E. C., 
Fishes of Panama Bay, 1904: 13 (Discussion of 
so-called tiburo and tudes). Wilson, C., Ann . 
Cam. Mas. Pitts., 10, 1916: 58 (Guayaquil, 
Ecuador). 

Discussion: Probably most of the eastern 
Pacific records of tiburo will be found to refer to 
this species. Springer in his 1940 paper infers 
that tiburo is Atlantic only, as he states of 
vespertina “. . . It is closely allied to 

Sphyrna tiburo of the Caribl>ean, Gulf of Mexico 
and the Atlantic coast of the Americas. . 

The reference to tiburo of Kumada in ° Marine 
Fishes of the Pacific Coast of Mexico,” 1937: 
Plate 1, has been placed under Sphyrna corona. 
Specimens mentioned in the following references 
require study: Meek, S. TO., & Hilldebrand, S. F., 
Marino Fishes of Panama, 1, 1923: 60-61 
(Panama); Starks, E. O., Proc. U. S. Nat. Mvs. t 
30,1916: 762 (range). 763 (specimen from Guaya¬ 
quil, Ecuador), and Jordan, D. 8., Fishes of 
Sinaloa, 1895:383 (one specimen from Mazatlan). 


Sphyrna media Springer. 



Text-figure 28. 

Range: Mexico and Panama. (Mexico: Mazat¬ 
lan; Panama: Panama market.) 

Field Characters: Medium-sized sharks with 
head expanded laterally, the anterior margin 
between the nostrils in a continuous curve, not 
lobed; all teeth with cusps. 

Study Material: None. 

References: Sphyrna media , Springer, S., j Stan¬ 
ford Ichthyological Bull 1 (5), 1940: 162, fig. 3 
(original description, figure; type-locality, Ma¬ 
zatlan, Mexico; type, No. 11,583, Stanford 
University). 

Sphyrna tudes , Jordan, D. S., Fishes of Sinaloa, 
1895 : 383 (Mazatlan, Mexico), Jordan, D. S., 
& Evermann, B. W., Fishes North and Middle 
America, 1, 1896: 44 (in part). Gilbert, C. H., 
& Starks, E. C., Fishes of Panama Bay, 1904:13, 
(Panama market). 
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Family Heterodontidae. 
Heterodontus Blainville, 1816. 

Key to tropical eastern Pacific species. 

la. Origin of first dorsal fin over the base of the 

pectoral fins; distance from snout to origin of 
first dorsal 28 to 30% of the length; black 
spots on body separate and widely spaced, 
rarely merged together. frannsci 

lb. Origin of first dorsal fin behind the base of the 

pectoral fins; distance from snout to origin of 
first dorsal fin 32 to 37% of the length; black 
spots on body larger, three or four joining 
together to form larger spots or bands. quoyi 


Heterodontus francisci (Girard). 



Text-figure 29. 

Range: Southern California, Lower California, 
Gulf of California. Recorded south of Han 
Diego, California, from the following localities, 
Mexico: Todos Santos Bay, Magdalena Bay, 
Angel de la Guardia Island, Concepcion Bay and 
Han Francisquito Bay. 

Field Characters: Small robust sharks with 
eyes beneath heavy suborbital ridges and with a 
spine in front of each dorsal fin; spiracle present 
below posterior part of eye; origin of first dorsal 
fin over the base of the pectoral fin; upper 
surfaces of the body with black subcircular spots 
which are separate and detached from each 
of her, rarely close together or merging. (Illus¬ 
tration after Kumada and Iliyama, 1937: 532 
mm.) 

Size: Grows to three feet. 

Study Materials: No specimens were obtained 
by the Zoological Society’s expeditions. We 
have examined fishes from Concepcion Bay, San 
Francisquito Bay and Angel de la Guardia 
Island, Gulf of California. 

References: Cestracion francisci , Girard, C. F., 
Proc.Acad. Nat . Set. Phila 7,1854:196 (original 
description; type locality: Monterey Bay, Cali¬ 
fornia). 

Heterodontus francisci , Smith, R., Proc. U. S. 
Mat. Mm. t 6 , 1883 (1884): 233 (Egg-cases on 
beach, Todos Santos Bay, Mexico). Pellegrin, 
J., Bull Mus. Hist, Nat . Paris , 7, 1901: 161. 
(Gulf of California.) 

Oyropleurodus francisci t Osbum, R. C., & 
Nichols, J. T., Bull Amer . Mus, Nat. Hist., 35, 
1916: 141 (8" specimen dredged in 13 fathoms, 
Magdalena Bay, Mexico). Breder, C. M., Jr., 


Bull. Bingh. Oceanogr . Coll., 2 (1), 1928 : 3 
(Concepcion Bay and San Francisquito Bay, 
Gulf of California). Kumada, T., & Hiyama, Y., 
Marine Fishes West Coast of Mexico, 1937: 15, 
Plates 44, 45 (figure), 

Heterodontus quoyi (Freminville). 

Range: Peru (Ixibos de Tierra and Ix>bos de 
Afuera Islands); Galdpagos Islands. An in¬ 
definite record from the west coast of Mexico, 
and a possible egg-case of this species from San 
Elena Bay, Ecuador. 

Field Characters: Small, robust sharks with 
eyes beneath heavy supraorbital ridges and with 
a short spine in front of each dorsal fin; spiracle 
present, beneath posterior part of eye; origin of 
first dorsal fin behind the vertical of the base of 
the pectoral. Brownish to grayish, the upper 
and lower surfaces of body with black spots 
which merge to form larger spots and bands. 
(Illustration from specimen No. 6161: 375 mm.) 

Size: Grows to at least eighteen inches. 

Description: Our Gatepagos Island specimen is 
described as follows, the proportions being ex¬ 
pressed in percentages of the total length, which 
is 375 mm.: 

Body robust, tapering posteriorly; snout to 
1st gill-slit 18%, snout to fifth gill-slit 23.7; snout 
to eye 9.2, horizontal diameter of eye 3.3; a strong 
supra-orbital ridge ending less than an eye’s 
diameter back of the eye, the ridges anterior to 
the eye converge at first and then become parallel 
and less evident on the snout. Snout to first 
dorsal fin 34, the fm originating about 2.6 back 
of the vertical of the posterior part of the jjectoral 
base; base of first dorsal fin 8.25, anterior edge 
13.6, base to tip of posterior lobe 5.1, vertical 
height of fin from body 10.4, the fin rounded 
above, its free edge slightly concave and with no 
}K)sterior extension. Origin of first dorsal to tip 
of spine 0.7, vertical height of spine from body 
5.85. Interdorsal space 17. Snout to second 
dorsal fin 54, the fin similar in shajx? but slightly 
smaller than the first dorsal fin. Caudal fin 
length 22, the fin with a large terminal lobe and 
a large inferior lobe, the length of the latter 
being 13.3. Snout to pectoral fin 19, the fin low, 
large and horizontal; pectoral base 8.8, anterior 
border 21.4, inner border 7.2, free border 16, 
greatest breadth 14.4. Snout to pelvic fin 42.7, 
the fin originating slightly posterior to the verti¬ 
cal of the posterior base of the first dorsal fin, 
pelvic fin base 7.85, anterior border 10.7, inner 
border 8.5; the clampers do not reach the inner 
tip of the fin. Snout to anal fin 68, the fm 
originating under the posterior tip of the second 
dorsal fin, the tip of the anal reaching to the base 
of the caudal, base of anal 5.5, anterior border 
9.9, inner border 3.3. Height of first gill-slit 4, 
height of 5th gill-slit 2.27, the posterior three 
slits above the pectoral fin. Spiracle small, 
beneath and posterior to the eye. 

Teeth similar to those mentioned in Carman’s 
account (1913) and figure, except that the an- 
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Text-figure 30 


terior teeth have five rather dull cusps. The 
teeth in the Peruvian example that we have 
studied are much sharper and tricuspid, so that 
in this species as well as in franasri, there is an 
evident reduction with age in the number of 
cusps on the anterior teeth. 

Denticles from the side immediately beneath 
the first dorsal fin are X-shaped with one of the 
arms of the X stronger and heavier toward its 
outer extremities. Denticles from the posterior 
part of the body have the spaces l>etween the 
arms of the X filled in and the denticles are 
roughly rhomboidal in shape. 

Color: Immediately after being taken from the 
stomach of a shark, above neutral gray, below 
and on sides dotted with large round black spots. 

Size and Weight: Our 375 mm fish weighed 
456 grams (1 pound). 

Enemies: The Ar etui ns specimen was taken 
from the stomach of a seven-foot tiger-sliark 
(Galeoctrdo arcticus ). 

Egg Case: See under Discussion, 

Study Materials: 2 specimens. Galdpagos 
Islands: Albemarle Is., 1, male (6161), 375 mm., 
June 9, 1925 (Arcturus Expedition), stomach of 
tiger-shark. Peru: Lobos de Afuera Island, 1 
female (Amer. Mus. Nat. Hist. 7489) washed 
ashore dying. 

References: Cestracion quoyi, Freminville, C. P., 
Mag. de Zool ., (2) 2, 1840: pi. 3 (description, 
figure; type-locality: Galdpagos Islands). Gun¬ 


ther, A., Cat. Fishes Brit Mus., 8, 1870. 416 
(short description, synonymy). 

Cestracion panihennus, Valenciennes, A., Voy¬ 
age “ Venus,” Zoology, 1845: 350, pi. 10, fig. 2 
(description, excellent figure, Galapagos Islands). 

Tropidopus panther inus, Gill, T. N., Proc . 
Acad Nat . Set Philo , 1862. 489, 490 (new genus 
established for this species). 

Hetei'odontvs ( Cestracion ) quoyi , Dumeril, A H. 
A., Hist. Nat. Poiss., 1, 1805: 427; atlas, pi. 3, 
fig. 16, 17 (description, color, figure of teeth). 

Hetnodordus quoyi, Miklukho-Maklai, N. N., 
& Macleay, W., Proc. Linn . Soc. N. S. Wales, 3, 
1878.316, pi. 26, fig. 35 (comments, no specimens, 
copy of original plate of Freminville). Fowler, 

H. W., Proc. 4th Par. Sci. Congress, Java 1929, 
3, 1930: 484 (check-list only, Galdpagos Islands). 

Gyropleurodus quoyi, Jordan, 1). S., & Ever- 
mann, B. W., Fishes North and Middle America, 

I, 1896:21 (poor description, synonymy), Regan, 
C. T., Ann. Mag . Nat. Hist. (8) 1: 494. 

Cestracion quoyi, Garman, S., The Plagio- 
stomia, 1913: 187, pi. 47, fig. 1-3 (description, 
synonymy, figure of teeth). 

Gyropleurodus peruanus , Evennann, B. W., & 
R&dcliffe, L., Bull. (7. S . Nat. Mus., 95, 1917: 2, 
pi. 1, fig. 1 (description, figure; type-locality: 
Lobos de Tierra Island, Peru). Nichols, J. T., & 
Murphy, II. C., Bull. Amer. Mus. Nat, Hist,, 46, 
1922: 504 (Lobos de Afuera, Peru; specimen 
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washed ashore in dying condition). ? Kumada, 
T., & Hiyama, Y., Marine Fishes of the Pacific 
Coast of Mexico, 1937: 16, pi. 46 (west coast of 
Mexico; figure), see comment under Discussion. 

Heterodontus peruanus, Fowler, H. W., Proc. 
4th Pac. Sn. Congr., Java 1929, 1930: 484 
(check-list; Peru). 

Discussion: Two species of Heterodontus have 
been reported from the equatorial eastern Pacific, 
quoyi from the Gal&pagos Islands and peruanus 
from the coast of Peru. 

The original description of quoyi (Freminville, 
1840) is very poor and the figure that illustrates 
the description is crude. The plate shows a fish 
with an exceedingly small pectoral fin, an anal 
fin with its origin beneath the tip of the posterior 
extension of the second dorsal fin and with very 
large, irregularly-formed dark spots. 

Valenciennes, in 1855, redescribed the Gald- 
pagos fish under the name Cestracimi panther - 
inum , giving an excellent figure with details of 
anatomy and color that agree well with our 
recent Gal&pagos material. 

Carman (1913) described an 18-inch female of 
quoyi from the Gal&pagos Islands and gave 
splendid figures of the teeth. Unfortunately, 
we have been unable to find the specimen or 
specimens upon which his description was based. 

Evermann A Kadcliffe first descril>ed and 
figured the South American coastal form, 
peruanus, the type being a 565 mm. fish from 
Ix>bos de Tierra, Peru. 

For purposes of comparing quoyi and peruanus , 
we have, in addition to the descriptions men¬ 
tioned above, two topotypical specimens, a 375 
nun. fish from Tagus Cove, Albemarle Island, 
Gal&pagos Islands, and a 523 mm. fish (Amor. 
Mus. Nat. Hist. 7489) previously recorded by 
Nichols & Murphy from lx>b(>8 do Afuera, Peru, 
some 20 miles from the type locality of peruanus. 
The latter sjwcimen agrees completely with the 
original description and figure of peruanus . 

As these fish are of different sizes, there is a 
slight question as to their identity Consequently 
it is necessary to take up the discussion in some 
detail, although then 1 is no doubt in our minds 
that they belong to the same species. 

When Evermann A Kadcliffe described peru¬ 
anus , they stated: “This species appears to be 
most closely related to the poorly described 
quoyi, but differs in coloration, in insertion of the 
anal and relative size of the pectoral.” 

However, when the two specimens at hand, 
representing topotypical examples of both quoyi 
and peruanus , are compared, we find that the 
relative sizes of the pectoral fins are exactly the 
same (the proportional measurements are identi¬ 
cal), and tnat the insertion of the anal fin is in 
the same relative ]>ositioii in the two fishes. 
This leaves only the color as supposedly different. 

As our Galap&gos Island shark is smaller than 
the two known Peruvian fishes and as it was 
taken from the stomach of a tiger-shark, its 
color cannot be depended upon for direct com¬ 


parisons. The general pattern, where observable, 
consists of large diffuse dark spots similar to 
those of the Peruvian shark, and in this, it agrees 
with Valenciennes’ figure of a Galapagos fish 
illustrated in the “Voyage of the Venus.” 

In the original description of the Peruvian 
form, conspicuous black bands on the dorsal 
surface are recorded. In (Jarman’s description 
of a similar sized Galapagos specimen the same 
pattern is mentioned. Ilowever, in the American 
Museum Peruvian fish, in our Gal&pagos Island 
specimen and in Valenciennes’ plate there is no 
indication of these bands. Evidently their 
presence or absence is variable. Under any 
circumstances, it is obvious that the difference 
in pattern cannot be assigned to a geographical 
range. 

Thus we find that the coloration and pattern 
in the two nominal forms are the same, and as 
there are thus no distinguishing characters left 
between the coastal and the South American 
mainland form, we consider them as identical. 

All of the known (Ialdpagos and Peruvian 
specimens of Heterodontus have relatively low 
and robust dorsal spines. The northern species, 
francisci , has much longer and slimmer spines. 
This distinction is most marked in smaller 
specimens, but it also holds true when compari¬ 
sons are made with equal-sized larger specimens. 

The specimen illustrated by Kumada A 
Hiyama (Marine Fishes of the Pacific Coast of 
Mexico, 1937: 16, Plate 46) introduces an un¬ 
certain note into the discussion of the American 
species of Heterodontus. This fish was found far 
north of the range of quoyi as previously re¬ 
corded and within or near the range of francisci. 
Kumada & Hivama’s plate, which was based 
upon a photograph, shows a fish with the dorsal 
fin insertion like that of francisci , while the shape 
and size of the dorsal fins is that of quoyi. The 
color pattern is intermediate l>etween the two 
forms, the spots being larger than in francisci 
and more isolated and sej>arated than is the case 
in quoyi. The general appearance, however, is 
predominantly quoyiAikc. For the present, we 
assume *hat this fish was correctly assigned to 
peruanus , and that the differences are merely 
variations from our present conception of the 
species. The exact locality from which the 
Kumada & Hiyama shark was taken is unknown 
—somewhere along the west coast of Mexico. 

An egg-case ot a heterodontid shark dredged 
by us at Station 136:D-16, Arena Bank, Gulf of 
California, April 20, 1936, in 45 fathoms, amply 
validates the existence of a second species of bull¬ 
head shark in the northern part of the tropical 
eastern Pacific in addition to francisci. This 
egg-case probably belongs to the present species 
as exemplified by Kumada & Iliyama’s specimen. 

The egg-case of Heterodontus francisci is well 
known, and has been figured by Daniels*® and 
Barnhart; 27 it is screw-shaped with characteristic 


« Daniels, J. F , The Klasmobranch Fishes, 1922: 3IS. 
st Barnhart, P. 8., Bull. Scnpps Inst. Oceanogr. Tech. 
ser., 3 (4) 1932 88. 
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flanges and lacks tentacles. Our specimen is 
quite different and resembles in general form 
and the possession of long tentacles, the egg-case 
of Heterodontm galeatus as illustrated by Waite. 3 



Text-figuie 31. 


When first secured our egg-case was broken at 
the top (considering the smaller tentacled end as 
the bottom, as shown in Waite’s figure 2 * and 
since then it has become even more fractured and 
fragmentary. However, even from this material 
it is evident that this egg-case can be dis¬ 
tinguished from that of galeatux by the fact that 
the spiral flanges have their outer border vertical; 
i. e., more or less parallel to the long axis of the 
egg-case and that the upper aspect of the flange 
is a flat ledge at a right angle with the body of 
the egg-case. In Waite’s illustration of the 
galeatvs egg-case, these flanges are oblique to 
the vertical axis, more or less continuing the 
general direction of the body of the egg-case. 

The width across the widest portion of the 
egg-case is approximately 44 mm., the width of 
one of the flanges at about the middle of the 
egg-case is 7.5 mm. 

Tortonese 59 reports a somewhat similar egg 
from Ecuador under the name of Heterodontm 
sp., although we do not understand his reference 
to four appendages. This must certainly belong 
to quoyi; it was 64 mm. long. 

*« Waite, E., Journ. Linn. Soc Zool Land, 25, 1896. 
Plate 12, and “The Piehes of Australia, ” Part 1, Sharks, 
etc, 1940: 38. 

*• Tortonese, E , Bolt. MusH Zool. Anat Comp Tortno, 
(3) 47, no. 89, 1939, 2. 


Family Squaudae. 

CentroscylUum Miiller & Henle, 1838. 


Centroscyllium nigrum Garman. 



Text-figure 32. 


Range: Offshore Panamic region in 546 to 625 
fathoms; taken 15 miles west of Maria to Point, 
Panama, 65 miles south-west of Mariato Point, 
Panama, and 60 miles south of Cocos Island, 
Offshore, Kauai Island, Hawaiian Islands in 385 
to 500 fathoms. 

Field Characters: Very small, large-eyed sharks 
with well-developed spiracle and with a spine 
before each dorsal fin; anal fin lacking. Black 
with white outer borders to the dorsal, pectoral 
and ventral fins. (Illustration from specimen 
No. 6013; 278 mm ) 

Color: Black with white dorsal spines and 
posterior borders to the dorsals, pectorals and 
j>elvic fins; eye emerald green. 

Size: Grows to about a foot in length. 

Food: Our specimens had fed upon scarlet 
prawns. 

Study Material: 8 specimens. Station 74 OT-4, 
Arcturus Oceanographic Expedition, 4° 50' N., 
87° 00' W., 60 miles south of Cocos Island, 025 
fathoms (1,145 meters), 125 to 278 mm. long, 
May 30, 1925, otter trawl. Cat. Nos. 6013, 
0014a, b, c, d, e, f, g. 

References: Centroscyllium nigrum , Garman, 
S., Mem. Mm. Comp. Zool., 24,3899: 28, Plate 1, 
fig. 2, Plates 4 and 5, Plate 69, fig. 1 (original 
description, skull and skeletal characters, heart, 
skin, sensory system, color; figure, figures of 
head, skull, teeth, denticles, branchial cartilages, 
intestine, shoulder and pelvic girdles and lateral 
line systems; type locality: Pacific Ocean, be¬ 
tween 0° and 7° N. Lat, and 81° and 82° W. 
Long,, in depths of 546 to 555 fathoms). Gar¬ 
man, S., The Plagiostomia, 1913:231 (synonymy, 
description) Beebe, W., “''Hie Arcturus Adven¬ 
ture,” G. P. Putnam’s Sons, New York, 1926: 
359 and 436 (color and food). 

Centroscyllium ruscosum , Gilbert, C. II., Bull. 
U. S. Fish Comm., 23, 1905: 580, fig, 230 (de¬ 
scription, figure, color). 

Discussion: Garman 30 states of this species: 
“One of the more prominent differential charac¬ 
ters of the species described below, C\ nigrum , is 
apparent in the five cusped teeth, the teeth of 
each of the other species being described as 
tricuspid. . . However, the specimens at 

*° Garman, Mm. Mus. Comp Zool , 24. 1899* 27. 
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hand from close to the type-locality and from the 
same depths as the type of C. nigrum , demon¬ 
strate considerable variation from this descrip¬ 
tion. Thus the lower jaw teeth possess, for the 
most part, but three cusps with indications of a 
single additional cusp on each side, making five 
in all as in the original description of the species. 
However, these additional cusps are very small 
and never as prominent as shown in the original 
figures of the species. Without careful observa¬ 
tion they might easily be missed. They can 
most easily be seen when the teeth are dried and 
viewed with transmitted light. 

In the description of the cotype of the nominal 
ruscosum , Gilbert found the same condition. 

Squalus Linnaeus, 1758. 

Gunther's questionable Panama record of 
Acanthius vulgaris 31 cannot be referred to any 
definite known species, and it also may have 
come from the Atlantic. Comments on this 
record have been made by Gilbert & Starks, 32 
and Meek & Hildebrand. 33 Beyond this note 
the genus is unrecorded from the eastern tropical 
Pacific, although Squalus suckleyi is known from 
immediately north of the region and is also 
rej>orted from Chile, while Squalus lebruni and 
S. fernandirius are known from south of the 
region 

Family Soymnouhinidae. 

Isistius Gill, 1864. 

Isistius brasiliensis (Quoy A Gaimard). 



Text-figure 33. 

Range: Known from many localities in tropical 
and temperate seas; in the eastern tropical 
Pacific known from Hawaii and in our region 
from a single specimen taken in open ocean 150 
miles north of the Galapagos Islands Taken 
principally near the surface, doubtfully recorded 
from great depths. 

Field Characters: Small, large-eyed sharks with 
verv small dorsal fins placed far back on the 
body, no anal fin, a dermal keel on each side of 
the tail, a short deep caudal fin. Brown, with a 
darker band around the neck across the gill- 
openings; lower surfaces lighter to white. (Illus¬ 
tration after Garman, J899; 400 mm.) 


*> Gunther, A., Trans. Zool. Soc. London , 7, 1808* 396. 
“ Gilbert, O. H., & Starks, Jfi. CL, Fishes of Panama 
Bay. 1904: 13. 

M Meek, S. E , & Hildebrand, S. F., Marine Fishes of 
Panama, l, 1923 : 64. 


Size: Grows to 19 Y% inches in length. 

Study Material: None. 

References: Scymnus brnsiliensis } Quoy, J. R.C., 
& Gaimard, P., in Freycinet, L. de, Voyage autor 
du monde pendant 1817-1820, 1824: 198 (type 
locality: off Brazil). 

Isistius brasiliensis , Garman, S., Mem. Mm. 
Corny. Zool., 24, 1899: 34, Plate 1, fig. 1, Plate 2 
and 3, Plate 49, fig. 2 (synonymy, description, 
skull, skeleton, internal organs, lateral line 
system, coloration, phosphorescence, historical 
notes; 1 specimen 18 inches long, taken 153 
miles N by W of Albemarle Island, Gal&pagos 
Islands, in beam trawl). 

Family Squatinidae. 

Squatina Dumeril, 1806. 

Squatina californica Ayres. 

Angel Shark. 



Range: South-eastern Alaska to San Diego with 
two indefinite records from Mexico, and ques¬ 
tioned records from Peru and Chile. 

Field CharaeUrs: A flattened ray-like shark 
with gill openings on the sides in a space between 
the head and the expanded pectoral fins: ventral 
fins expanded. Dark brownish or ashy, almost 
black, or reddish-brown above: white below. 

Size: A i tains a length of five feet and a weight 
of 60 pounds. 

Study Material: None. 

References: Squatina calif ornica, Ayres, W. ()., 
Proe. Cal. Acad. Sa., 1859; 29; ibid., I860: fig. 7 
(original description, outline figures; type local¬ 
ity, San Francisco), Garman, H., The Plagio- 
stomia, 1913: 253, plate 16, figs. 1-4, plate 61, 
figs. 9-11 (description, figures; range: Cali¬ 
fornia and Mexico). Kuinada, T., & Hiyama, 
Marine Fishes of the Pacific Coast of Mexico, 
1937: 17, plate 49 (plate and brief diagnosis of a 
specimen from somewhere along the west coast 
of Mexico). 

Squatina squatina, ? Evermann, B. W., & 
Itadcliffe, L., U. S. Nat . Mus., BuU. 95, 1917: 11 
(dimensions, short description, color, Ix>bos de 
Tierra, Peru). ? Pellegrin, J., Bull. Soc . Zool. 
Fans, 29, 1904 (Chile). 
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Discussion: The status of specimens of the 
genus Squatina from localities in the eastern 
Pacific is by no means clear. Thus there exists 
a tendency to amalgamate the European, the 
western Atlantic and eastern Pacific angel- 
sharks under the all-inclusive name Squatina 
squatina (Linnaeus). In keeping with this, S. 
californicus Ayres, described from California, 
has been synonymized with S. squatina, and 
specimens from Peru and Chile have also been 
reported under the same name. 

Whether the angel-sharks from northern and 
southern localities in the eastern Pacific represent 
the e&me species and whether they should be 
considered as the same as the European squatina, 
is a question. Our assumption, based on obser¬ 
vations of other littoral sharks of the region, is 
that the eastern fish are not the same as the 
Atlantic or European form, and that a northern 
and southern s{>ecies of the eastern Pacific fish 
could probably be differentiated. Thus we are 
uncertain as to the status of the 560 mm. fish 
recorded from Lobos de Tierra by Evermann & 
Radcliffe 34 and the fish recorded by Pellegrin 
from Chile. 86 Norman 36 suggests that the former 
record may refer to S. armata (Philippi). 

Two additional species of Squatina have been 
recorded from the west coast of South America: 
S. armata Philippi 37 described from Iquique, 
Chile, and redescribed by Norman 38 from an 
Argentine specimen with a question as to its 
identity, and S . philtppi Garnian 39 from Mexil- 
lones, Chile. 
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Plate 1. 

Fig. 1. Rhineodon typus. 42-foot specimen from 
Arena Bank, Lower California. 

Fig. 2. Rhineodon typus. Whale shark photo¬ 
graphed from motor boat while swimming 
close to surface, Gorda Banks, Lower Cali¬ 
fornia. View of part of head, body, gill- 
shts and pectoral fin. Two remoras are on 
the base of the pectoral fin. 

Plate II. 

Fig. 1. Tnaenodon obeaus. Specimen from Bahia 
Honda, Panama, 1,175 mm. total length. 
Fig. 2. Eulamia aethalorus. Embryo, 650 mm., 
taken from 2,070 mm. adult, Arena Bank, 
Lower California. 

Fig. 3. Eulamia vdox. Specimen from San Lucas 
Bay, Lower California, 945 mm. total length. 
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Correlations Between Structural Eye Defects and Behavior 
in the Mexican Blind Characin. 

Charles M. Breder, Jr. 

New York Aquarium , 


Edward B. Gresser, 

New York University College of Medicine (Department of Ophthalmology ). 


(Plates I—IV; Text-figures 1 & 2). 


Introduction. 

Ilubbs & limes (1936) reported the discovery 
of a new species of blind cave fish inhabiting the 
warm water caves in the vicinity of Pujal, San 
Luis Potosi, Mexico, and named it Anoplichthys 
jordani This fonn is genetically continuous 
with Astyanax mexlean us (Fillipi) from which it 
is distinguishable only in the undeveloped eye 
and lack of pigmentation. The eye structure of 
these fish was found to be imperfectly developed 
and morphologically arrested at a low level of 
embryological life without powers of visual 
function, Gresser & Breder (1940), 

Esjiecial interest in this species of fish lies in 
the fact that it is the only known cave secies 
with clear genetic continuity to an outside visual 
type. Inhabiting warm water and being suitable 
for laboratory culture, it predicates an experi¬ 
mental approach to problems of blind cave fauna 
that have vexed biologists. The Aquarium Cave 
Exjiedition, Bridges (1940), established this 
genetic continuity and prepared the bases for 
further study. It was at first considered that the 
native habitat could best be utilized for the 
urpose with the establishment of controlled 
reeding tanks within the cave water system, but 
practical considerations caused an abandonment 
of such an approach. 

La Cueva Chica is roughly eighty miles due 
west of Tampico and some 350 miles northeast 
of Mexico City, close to the Pan-American 
Highway at the village of Pujal. Running nearly 
due south about 1,000 feet from its entrance, the 
cave ends in a large cul-de-sac five-eighths of a 
mile from the Rio Tampaon. The character of 
the cave water system, its flow and the presence 
of sink-holes in the probable line of direction 
between cave and river bespoke a close connec¬ 
tion, if not a direct one, between these two 


systems. Within the cave there were four major 
pools of water, the innermost of which at the 
time of our visit was isolated as far as could be 
determined. The remaining three pools were 
clearly connected by a small stream. Set' 
Bridges (1940) for a map of the cave. 

Our thanks are due Mr. James W. Atz for his 
patient assistance in making a considerable por¬ 
tion of the observations listed in Table III. 

Descriptive Anatomy. 

All the pools were seined to determine the 
character of the inhabitants. Grossly there 
were found three fairly distinct groups, one of 
which was divisible into two subdivisions. The 
somewhat arbitrary groups follow: (1) obviously 
blind with deformed, undeveloped eyes; (2) 
fish with sunken eyes, (a) covered by skin 
epithelium, (b) not covered by skin; (3) normal 
eyes. The sampling is given in Table I. Histo¬ 
logical studies were made by serial sections 
covering a considerable amount of the catch. 
Variations within the groups as to extent of de¬ 
velopment both grossly, histologically and to 
absolute size were numerous. 

Group 1 has been previously descril>ed in de¬ 
tail, Gresser & Breder (1940), and consists 
generally of an ocular sac connected to the skin 
surface by a connective tissue strand either solid 
or cystic and lined with epithelium. The ocular 
structures present are defective as to elements 
and form, the retinal vesicle usually lieing a 
lobulated sac without differentiation into iris, 
pupillary space or developing sensory elements. 
A crystalline lens is absent and the anterior 
chamber is absent or represented by an unlined 
space in a connective tissue stroma. The optic 
nerve is represented chiefly by a connective tissue 
cord. See Plate I. 
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In group 2a the covered, sunken eye presents 
a better developed globe although malformed as 
to size and shaiie The choroidal gland is usually 
well developed and the retina is either completely 
deficient in sensory elements and ganglion cells 
or large areas of retina are so deficient. A crys¬ 
talline lens when present is smaller than normal 
and is accompanied by an irregularly oval-shaped 
pupillary space; where absent the iris is a weak 
membrane forming a complete anterior wall to 
the retinal vesicle. In such conditions an ex¬ 
tremely shallow anterior chaml>er can l>e found. 
See Plate II. 

The uncovered, sunken eye, group 2b, varies 
greatly in detail but generally is of small size, 
deformed but with an anterior chamber, an iris 
quite w r ell developed with a pupillary space. A 
lens is present but smaller in diameter in relation 
to globe diameter than normal. The retina is 
letter stratified than in previous types but de¬ 
ficient irregularly in the rod-cone layer and the 
corresponding ganglion cell layer. The optic 
nerve reflects this deficiency in size and relative 
absence of nerve fibers. See Plate 111. 

The orbital cavity in group 2 is well developed 
and where the globe is small or deformed there 
is a corresponding increase in orbital fat. The 
extraocular muscles are intact in all groups but 
apparently their functional use is limited in ac¬ 
cordance with the functional capacity of the eye. 

In the specimens examined, no symmetry of 
binocular development could be determined in 
individuals of groups 1 and 2; especially in group 
2 asymmetry was marked as to morphological 
and functional development. Group 3 was in¬ 
distinguishable from the normal river fish but 
microphthalmia was frequent. The normal 
typically piscine eye structure is shown in Plate 
IV, based on a s[)ecimen from the Rio Tampaon. 

Obviously the pool formations present formed 
ideal and natural breeding tanks and presented 
in loco a highly suggestive explanation for the 
eye defects and probably as superior and factual 
experimental methods as human endeavor could 
devise and control. 

As was noted above, population studies in the 
most isolated pool No. 1 showed a nearly pure 
strain with completely ineffectual eye structures 
with an increase in jiercentage of better developed 
ocular organs as the probable connection with the 
outside stream was approached, so that in pool 
No. 4, closest to the Itio Tampaon, were con¬ 
tained a large percentage of structurally normal 
eyes. 

Most of the inhabitants of pool No. 1 con¬ 
formed to the ocular pattern first described and 
which originally were obtained from tliis pool. 
Inhabitants of pool No. 2 showed a small per¬ 
centage of intermediate eyes in which variations 
in size of the glol>e, pupillary openings and tissue 
structures were found but none of which pre¬ 
sented morphologically an image-forming organ. 
In pool No. 3 intermediate eyes were found in 
greater proportion. In this pool occasional in¬ 
habitants showed normally sized eyes, struc¬ 


turally well developed and which clearly per¬ 
mitted definite light behavior patterns. These 
fish also showed a greater amount of skin pigmen¬ 
tation. This data is detailed in Tables I and II. 

Of the inhabitants seined from pool No. 4, 
only occasional specimens were of least develop¬ 
ment with a preponderance of better-developed 
eyes and an increase in the proportion of normals 
both as to eye structure and pigmentation. 

Table I. 

Eye Condition and Pigmentation of Cave Characins. 
Kxpi eased in l /0 of catch. Based on 119 specimens. 

Eye Condition 

Sunken Eye (2) 

Covered Uncovered "Normal 


Location 

Blind (11 

(a) 


(b) 

Eye" (3) 

Pool 2 

85 

6 


— 

9 

Poo) 3 

10* 

8 


45 

31 

Pool 4 


9 

Figmc ntation 

9 

82 

Consid¬ 

Location 

None 

Little 

Moderate 

erable Full 

Pool 2 

90 

2 

6 


2 — 

Pool 3 

34* 

34 

5 


8 19 

Pool 4 

3 

29 

32 


24 12 


* Two specimens in this group blind on one side only. 


Table II. 

Association of Eye Condition and Extent of 
Pigmentation. 

Expressed in ( ]\ of extent of pigmentation. Based 
on 119 specimens. 

Extent of Pigmentation in Per Cent 
Eye Oonsid- 


Condition None 

Little 

Moderate 

erable 

Full 

Blind (1) 98* 

— 

2 

— 

— 

Hunken Eje 50 
(co\ered) (2a) 

Sunken Eye(un- 

33 

n 



covired) (2b) 

02 

15 

15 

8 

"Normal” (3) 2 

23 

28 

23 

24 


* Two specimens in this group hlind on one side only 


Beh vviok Experiments. 

Fishes representing the various types described 
in the preceding section were shipped alive to the 
New York Aquarium and form the bases on 
which the following experiments were made. In 
addition to these, specimens of the fully blind 
type which had been bred to the fifth generation 
by Mr. Albert Greenberg of Tampa, Florida, 
were used for comparative purposes. These had 
all been reared in brilliant light. Since Mr. 
Greenberg never obtained any but fully blind 
fish it is evident that this form breeds true to type. 

Even casual observation shows that these 
optically various fishes present different types of 
locomotor behavior. The fully blind individuals, 
both direct from the cave and Greenberg’s fifth 
generation fish, all keep up a continual swimming 
activity, constantly wandering in a seemingly 
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aimless maimer. Even at night, if a light were 
suddenly struck, they would be found to be 
moving about, giving the impression that they 
managed to keep on the move at all times. The 
normal river fish, on the other hand, unless 
feeding or engaged in some other activity, would 
remain quiescent in a school, only moving under 
some evident external stimulus. Those with 
intermediate eyes unable to form a retinal image 
but clearly able to receive an optical stimulus 
from a light source, behaved like the fully blind 
while those forming a defective image behaved 
like the normally eyed fish. 

Normally eyed fish brought from the cave at 
first acted nearly like the blind groups but later 
took on the habits of the typical river fish. It 
would thus appear that these fishes, unaccus¬ 
tomed to retinal images, took an appreciable time 
to be able to react to them in an appropriate 
fashion. 

In order better to understand the relation of 
eye defect to behavior as measured by their 
locomotor habits, troughs were established 


having a lighted and a dark end. These were so 
arranged that a given area was illuminated with 
a 60-watt bulb at a distance of three feet while 
the remainder was shadowed by a cover close to 
the surface of the water. Thus it was anticipated 
that by noting the positions of the fish in unit 
intervals their preferences could be determined 
in a quantitative manner. In the case of a ran¬ 
domly wandering fish the number of observations 
obtained over a given area of bottom should then 
l>e directly proportional to the whole area if 
there were no preference being expressed. Sig¬ 
nificant deviations from such a figure would then 
be a measure of preference. 

As a preliminary experiment a trough was set 
up 1' by 4' with water 6" deep. Three feet of its 
length was covered; the remaining area was ex¬ 
posed to light. In all cases the entire tanks were 
painted black in order to minimize reflections. 
Into this were placed four fully blind fish of the 
fifth generation. If these fish were moving 
strictly at random it then follows that the 
average of the unit observations which were made 


Table Ill. 

Results of Behavior Experiments. 

V ( of % of 

c / r of Random % of Random 


Exp. 

Area 

No of 



Fish 

Obs in Expoc- 

Exp. 

Area 

No of 


Fish 

Obs. in Expec- 

No 

Lighted Obs. 

No 


Type 

Light 

tation 

No. 

Lighted Obs. 

No 

T>pe 

Light 

tation 

1 

.25 

100 

4 

5tli Generation 

73 

73 

42 

50 

300 

1 

•• 

37 

74 

2 

25 

100 

4 



lit 

111 

43 

50 

100 

1 

.. ** 

36 

72 

3 

25 

100 

4 



88 

88 

44 

50 

100 

1 

.. .. 

29 

58 

4 

25 

100 

4 



54 

54 

45 

50 

100 

1 

.. 

15 

30 

5 

.25 

100 

4 



96 

96 

46 

50 

100 

1 

■ 1 <• 

55 

no 

6 

25 

100 

4 



81 

81 

47 

.50 

300 

1 


46 

92 

7 

25 

100 

4 



45 

45 

48 

.50 

100 

3 

.. 

133 

88 6 + 

H 

.25 

100 

4 



55 

55 

49 

50 

100 

3 


114 

76 

9 

25 

100 

4 



85 

85 

50 

50 

1(H) 

1 

No Image Ca\e 

43 

86 

JO 

25 

100 

4 



67 

67 

51 

60 

JOO 

1 


42 

84 

11 

50 

100 

4 



131 

65 5 

52 

50 

100 

1 


11 

22 

12 

50 

JOO 

4 



133 

66 5 

53 

50 

100 

1 


20 

52 

13 

50 

100 

2 



29 

29 

64 

50 

100 

1 


21 

42 

14 

50 

100 

2 



35 

35 

55 

50 

100 

3 


11 

22 

15 

50 

100 

2 



24 

24 

56 

50 

100 

3 


73 

146 

16 

50 

100 

1 



42 

84 

57 

.50 

100 

1 


87 

174 

17 

.GO 

100 

1 



23 

46 

58 

.50 

100 

1 


7 

14 

18 

60 

100 

1 



24 

48 

69 

50 

100 

1 


12 

24 

19 

50 

100 

1 



12 

24 

60 

50 

100 

1 


21 

42 

20 

50 

100 

1 



28 

56 

61 

50 

100 

1 


21 

42 

21 

.50 

100 

1 



37 

74 

62 

50 

too 

1 


31 

62 

22 

25 

100 

2 

Ulind Cave 

42 

84 

63 

50 

100 

1 


25 

50 

23 

25 

100 

2 

*• 

“ 

61 

122 

64 

50 

100 

1 


23 

46 

24 

.50 

75 

1 

“ 

*• 

30 

80 

66 

50 

100 

l 


26 

62 

25 

.50 

100 

1 

Blind Cave 

34 

68 

66 

.50 

100 

1 

Imago Cave 

48 

96 

26 

.50 

100 

1 



50 

100 

67 

50 

100 

1 

ft « M 

3 

6 

27 

.50 

100 

1 



51 

102 

68 

.50 

100 

1 

ft* t ft 

3 

6 

28 

,50 

100 

1 



48 

96 

69 

50 

100 

1 


0 

0 

29 

.50 

100 

1 



40 

80 

70 

50 

100 

1 


0 

0 

80 

50 

125 

1 



37 

27.2 

71 

.50 

100 

1 


0 

0 

31 

50 

100 

1 



37 

74 

72 

.50 

100 

1 


0 

0 

32 

50 

100 

1 



38 

76 

73 

.50 

100 

1 


0 

0 

33 

.50 

100 

1 



27 

64 

74 

.50 

100 

1 


0 

0 

34 

.50 

100 

1 



31 

62 

75 

.50 

100 

1 


9 

18 

35 

50 

100 

1 



53 

106 








36 

50 

100 

1 



21 

42 





Maximum 


174 

37 

.50 

100 

1 



44 

88 





Average 


61 4 — 

38 

.50 

100 

1 



43 

86 






39 

.50 

100 

1 



45 

90 





Minimum 


0 

40 

.50 

100 

1 



51 

102 








41 

.50 

100 

1 



46 

92 

* Not the same specimen used in Experiments 66 to 74 
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at five second intervals should come to the figure 
41 1.” That is, on strictly random distribution 
there should be three fish in the dark area and 
one in the light, or if the fish were schooling 
there should be four fish visible on the average 
every fourth observation. In a series of such 
tests, in which there were 2,100 such observa¬ 
tions, the percentage of expectation was 62.3 -% 
in light. This data is given in detail in Table III. 
Since experiments consist of 100 observations, 
the expectation from random movement should 
give 100%. Only one observation reached that 
figure. As the illuminated area of the trough 
was changed from time to time in order to avoid 
the inclusion of some other possible but unknown 
factor, it can only l>e concluded that by some 
means these fish were light sensitive to a slight 
degree and reacted negatively to such radiations 
or some secondary* associated effect. 

Subsequent observations were made in smaller 
troughs 1' x 2' x 6" deep in which one-half was 
illuminated and one-half in darkness. Here fish 
in various smaller numl>ers were similarly 
checked and found to show like reactions, as is 
also set forth in Table HI. 

Other fishes were then checked in a similar 
manner and these data are also given in Table III. 
They are summarized and presented in a con¬ 
densed form in 1 able IV. From these tables it 
is evident that the fully blind fish brought from 
La Oueva Chica reacted in a manner similar 
to those of the fifth generation reared in light: 
80% avoidance as against 62%. This difference 
of 17% may actually be significant. The cave 
fish were larger than the others and possibly over- 
lying tissues of greater consequent thickness may 
account for the difference, or it may be that there 
is an increased avoidance to light in subsequent, 
generations. 

Table IV. 


Averages and Ranges of Experiments. 


Exp. No. 

Typo of FJsli 

No. 
of Oha. 

% of Random 
Expectation 
Max. Moan Min. 

1 to 21 

5th Generation 

2.100 

Ill 

62 3 - 24 

22 to 49 

La Cueva Chica 
(Blind) 

2.800 

122 

79.6+ 27 

60 to 65 

La Cueva Chica 
(No imago) 

1.600 

154 

58.74 14 

66 to 74 

La Cueva Chica 
(Image) 

900 

96 

12 0 0 

75 

La Cueva Chica 
(Image) 

100 


18.0 — 


River Fish 
(Normal) 

_ 

Fully unreadable 


Experiments 50 to 65 were performed on a fish 
that could distinguish light but not form an 
image. Fish of this group, too, avoided light, 
59%, even more vigorously, but here was clear 
optical detection. Whether or not these fish 
form a useful retinal image is easy to detect. 
Fully blind ones, although feebly light-sensitive 
in the above sense, will not respond to a shadow 
intercepting the light falling on a tank. Those 
with full or partial vision react violently by 
dashing about when a shadow passes across them. 


The feeding reactions separate the latter two 
types. Those with image formation will come to 
the surface or near it, roll their eyes and make 
energetic strikes at the food particles as they 
sink through the water. The blind or merely 
light-detecting individuals react in no suen 
fashion, merely cruising about mostly on the 
bottom and apparently finding their food by 
energetic random movement. One individual 
seemed to be just at the border line of image 
formation, normally cruising about like the 
blind but occasionally finding a sinking particle 
if it fell between the fish and the light source. 

Experiments 66 to 74 were performed on a fish 
with defective eyes but which could evidently 
form some sort of image. Experiment 75 was 
performed on another specimen of similar condi¬ 
tion. Here the percentage of expectation of the 
fish in the light was clearly much lower than in 
any of the others. Actually these fish spent most 
of their time just under the shelter of the shadow, 
obviously looking out into the lighted area, not 
wandering about but resting quietly. 

Table V. 

Aggregation Data on Blind Specimens. 

Nos of observations of fish by groups 
Exp. No in lighted area 



0 

1 

2 

3 

4 

1 

48 

35 

14 

2 

i 

2 

34 

31 

26 

8 

1 

3 

38 

37 

24 

i 

0 

4 

52 

42 

6 

0 

0 

5 

32 

4(> 

17 

4 

1 

0 

43 

37 

16 

4 

0 

7 

62 

31 

7 

0 

0 

S 

69 

28 

12 

1 

0 

9 

35 

48 

14 

3 

0 

10 

44 

44 

n 

1 

0 

A\ erage 

44 7 

37 9 

14 7 

2.4 

0 3 

11 

18 

46 

24 

11 

1 

12 

17 

41 

34 

8 

0 

Average 

17 5 

k3 5 

29 0 

9 5 

0 5 

13 

73 

24 

3 



14 

71 

23 

6 



15 

79 

18 

3 



Average 

7 k 0 

27 0 

4 0 



22 

65 

28 

7 



23 

48 

43 

9 



Average 

66 6 

36 5 

8 0 



48 

16 

42 

35 

7 


49 

19 

48 

32 

1 


Average 

17.6 

46 0 

33.5 

4 0 


Comparison 

with Theoretical Probability. 


4 fish M area 

31 6 

42.2 

21.1 

4 7 

0 4 

Exp. 1-10 

44.7 

37.9 

14.7 

2.4 

0.3 

4 fish H area 

6.26 

25.0 

37.5 

25.0 

6.25 

Exp. 11-12 

17.5 

43.5 

29.0 

9.0 

0.5 

3 fish Y area 

12.6 

37.5 

37.5 

12 5 


Exp. 48-49 

17.5 

45.0 

33.5 

4 0 


2 fish Yi area 

25.0 

50.0 

25.0 



Exp, 13-15 

74 0 

27.0 

4.0 



Exp. 22-23 

50 5 

36.5 

8.0 
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Normal river fish acted much as the above, 
but stayed in the light continually unless dis¬ 
turbed by a slight noise or jar to the building. 
Consequently they were unreadable by this 
technique since their movements were controlled 
by external stimuli which were, so far as possible, 
prevented from reaching them during the course 
of the experiments. 

Since the normal river fish are a closely aggre¬ 
gating and to a considerable extent a schooling 
type, the annotations previously discussed were 
examined in reference to the appearance of groups 
of blind individuals where more than one fish 
was used in an exjieriment. These groups were 
used primarily to discover if any social influences 
were at work in regard to the light-avoiding re¬ 
action. Nothing of this sort speared. 

Since it is evident that the seeing forms show 
a strong aggregating tendency, the data accumu¬ 
lated on the blind specimens were analyzed so as 
to show evidences of similar behavior in these 
fishes if such were present. The data are given 
in Table V and shown graphically in Text-figure 
1 which indicates the results of these tests in 
reference to random expectation. 

As a definite number of fishes was used in each 
exjjeriment and the lighted liottom area bore a 
definite relationship to the unlighted, x /i and 


in the two types of tanks used, it follows that if 
the fish were moving at random without reference 
to light or each other their occurrence in the 
lighted area in ones, twos, threes, etc., should be 
predictable according to the binomial formula 
(p 4- qy expanded for each term, in which 

n * number of fishes 
p = lighted area 
q = dark area 

(1) P n 

(2) np n ~ x q 

(3) ~~ P"-V 

(D r^)(p2) r-v 

(5) a(tt-l)(w-2)(w-3) „ v 

1 - 2 - 3-4 ' 1 

Those calculations are given in Table V for 
comparison with the observed figures for the 
several types of experiment. Some rather inter¬ 
esting features appear which are more clearly 
shown in Text-figure 2 which presents the com¬ 
parative data graphically. It may be seen in the 
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data of Table V and in Text-figure 2 that in each 
case there were more observations of the lighted 
area without fish than random expectation calls 
for, which is another way of measuring these 
fishes’ light avoidance. In Text-figure 2, graph A, 
it is clear that the occurrence of the fish in the 
lighted arpa in groups follows closely that of the 
theoretical probability. All appear as less than 
the expected random value, which again is a 
measure of their individual light avoidance; the 
slope* of the connecting lines are in close agree¬ 
ment with random expectation. This is the 
measure of interlocked (aggregating) l>ehavior 
and is clearly shown to be a good experimental 
zero. This graph is based on the largest numl>er 
of experiments and shows closer agreement with 
the theoretical than the others based on smaller 
numbers. 

In graph B of Text-figure 2 both the observa¬ 
tions noting “no fish ” and “one fish ” are greater 
than random expectation while the rest are 
below it. This is also true for graph C. Except 
for this feature they are in agreement with 
graph A although based on much less data. 
Graph B represents the same fish (fifth genera¬ 
tion) as in A while C represents fish brought from 
the cave. Whatever the interpretation placed on 
this, these two groups were showing practically 
identical behavior. It is suspected that the small 
number of experiments, 3, give as good approx¬ 
imation as could be expected. This becomes 
more apparent when graph I) is considered. 
Here two sets of different fish show close agree¬ 
ment with A, the “0” observations l)eing above 
random expectation and the rest l>elow with the 
trend of these lines being very nearly parallel. 
It can only be concluded that these fish were 
moving strictly at random in reference to each 
other but with a marked avoidance of the lighted 
area. 

Discussion. 

From the preceding descriptive histological 
data, the reactions of the various typos with more 
or less defective vision, coupled with the experi¬ 
mental data on the avoidance of light and the 
social attitude of the blind examples, certain 
features become apparent that should have great 
significance in the development of cave-dwelling 
blind fish. 

If we operate from the assumption that blind 
and pigmentless animals are able to establish 
themselves in caves because therein both eyed 
and eyeless forms are on equal terms, we have 
two basic factors in effect and interacting; a 
genetic defect and an environmental peculiarity, 
the presence of the latter making a continuity 
and establishment of the former possible. In 
addition to these it is here experimentally shown 
that there is a third, a behavior factor, which 
operates in a positive way. 

Since the eyed forms use dark retreats only 
under the stimulus of fright and the blind ones 
avoid light, by a mechanism as yet not under¬ 
stood, we have a marked schism in the behavior 


of fishes otherwise identical and of genetic con¬ 
tinuity. Consequently it would seem fair to 
make the following assumptions on the operation 
of these factors in a state of nature. 

Given a population of river fish carrying one or 
more appropriately defective genes, mdividuals 
with slightly defective sight would seek the 
shelter of rocks and crevices more than their 
normally eyed fellows. A cave from which water 
leaves (as La Cueva Chica) would encourage 
entry, as these fish tend to work their way up 
small streams (contranatant) and hold then* 
position in the upper reaches of the rivers by this 
means. Selection might enter at this point, i. c., 
fish with defective eyes that might happen to 
prefer the light would not stay or enter the cave 
and would either !>e lost or mixed with the river 
po]filiation, depending on the extent of the handi¬ 
cap of the visual defect. Those that happened 
to prefer the dark would stay there and transmit 
their defect, increasing ana intensifying it by 
consanguinity. Once unable to form an image 
they would not seek light, and if they emerged at 
night would retreat with sunrise or be lost, as 
witness what happens in a lighted aquarium 
between image-forming and non-image forming 
cave individuals. It appears that the seeing fish 
attempting to school with the sightless cannot 
keep up with their continual aimless wandering. 
This leads to a “resentment” that frequently 
results in the eyed form attacking and killing the 
blind. There is no evidence of a substitute 
sensory mechanism having been develoj>ed in the 
blind fish, for the changing of (he position of a 
rock in an aquarium will result in their swimming 
into it for a time. Apparently they merely learn 
where obstacles are by a trial and error develop¬ 
ment of some sense of space and distances. One 
specimen with image formation and miniature 
eyes was successfully kept with two fully blind 
individuals but took on their habits after about 
a month and showed no evidence of attack but 
spent much time following the blind ones. It is 
probably more than accidental that this fish 
exhibited great nervousness, dashing about 
wildly on approach to the aquarium. Returning 
to the discussion of natural conditions, it would 
seem that those which found their way out of the 
cave, and with good eyes, might stay out; how¬ 
ever, the current tends to keep them in, as these 
fish will not normally drop down stream and the 
period necessary for them to develop an under¬ 
standing of a retinal image might well be their 
undoing. 

Thus the river and cave populations would 
tend to stay fairly separate with perhaps the 
continual entry of defective-eyed fishes account¬ 
ing for the gradient of eyelessness within the cave. 

The question of whether the present population 
was once fully cut off geographically from the 
river fish is rather pointless in the light of the 
above. Certainly some such condition as men¬ 
tioned above was present at the time of original 
entry. If some geologic cataclysm out off these 
fish for a time, they rejoined sufficiently soon to 
make a reestablishment of the original condition 
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NO. OF FISH IN LIGHTED AREA 


Text-figure 2. 

Comparison of theoretical randomness with actual behavior showing lack of schooling behavior 
and negative reactions to light in fully blind fish. Solid line: mathematical probability. Dotted 
line: observed behavior. 
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possible, for otherwise the gradient would l>e 
quite inexplicable. 

if it is thought that some reestablishment of 
iAinarkian ideas are indicated, it may be i>ointed 
out that if the blindness were indeed induced by 
such a mechanism, the present data do nothing 
to establish it. fish that have been forced to 
live in light for five generations are apparently 
even more “anxious” to get back into the cave 
than the present dwellers therein. If this means 
an increasing sensitivity to light (reestablishment 
of an eyed condition), it would defeat progress in 
that direction, for those in the process of regain¬ 
ing vision are the ones most anxious to avoid the 
stimulus inducing it. Such a mechanism should 
make for a status quo. A study of possible 
histological changes in the successive generations 
of those reared in light for a greater number of 
generations could help in this connection. 

Consequently we are forced to the conclusion 
that the origin of this blindness is rooted in some 
genetic defect that was able to find expression in 
a lightless environment and that the differential 
behavior of those individuals able to form an 
optical image as opposed to those merely light 
sensitive is the determining factor in keeping the 
population of the cave from a depicting voluntary 
exit and from too great an admixture of the oc¬ 
casionally entering outside river fish with good 
vision. The details of the genetic ratios thus 
become, as far as an explanation of this condition 
goes, merely of importance insofar as it concerns 
the speed of the process. Thus if there is a genetic 
state that produces large numbers of blind fish per 
generation it would move relatively fast, whereas 
if the blind individuals are genetically fairly rare 
it would move more slowly to reach the present 
state of affairs as found in La Cueva Chica. 

The continual locomotor activity and lack of 
any social grouping on the part of these blind fish 
would suggest that this feature of behavior has 
been obliterated, for insofar as experimental evi¬ 
dence goes, schooling is dependent on vision 
alone in other more or less similarly constituted 
fishes. Breder & Nigrelli (1935 and 1938) discuss 
the role of vision in schooling and give full bibli¬ 
ographies. 

Since thus far no substitute sensory mechan¬ 
ism has been demonstrated in this form and since 
nothing in their behavior indicates the presence 
of such, we infer that these fish are managing to 
survive in their specialized environment while 
laboring under a simple loss of function. This 
may mean that in an evolutionary sense this 
group is of relatively recent establishment as 
compared with other blind cave fish that possess 
elaborate non-visual sensory organs. 

Park, Rol>erts & Harris (1941) have shown 
that the crayfish of Mammoth Cave, Cambarus 
pelluddm Tellkampf, is light negative in a 
manner that seems to be fairly comparable to 
the present findings insofar as it is possible to 


compare a sedentary invertebrate to an active 
fish. 

A study of the exact means whereby these fish 
arc enabled to react to the presence of light or on 
associated phenomena is now being undertaken. 

SUMMARY. 

1. Fully blind characins from La Cueva Chica 
are slightly negative to light or some associated 
effect, as are their fifth generation descendants 
reared in light. 

2. There is a sharp break in the locomotive 
behavior pattern between those which can form 
a retinal image and those which cannot. 

3. Individuals which form a retinal image have 
a strong schooling instinct and those which do 
not, evidence none. 

4. Individuals with vision tend to rest quietly 
in a compact school while the blind continually 
wander about in an apparently aimless manner. 

5. In light, attempts by seeing individuals to 
school with the blind often terminate by the 
former killing the latter. 

6. Blind individuals in a newly rearranged 
aquarium will swim into obstacles but will avoid 
them after a time, apparently by some process of 
learning. 

7. Apparently no substitute mechanism has 
been developed to function as a substitute for 
the lost vision. 

8. The differential behavior existing between 
the blind and the seeing is apparently an addition¬ 
al positive factor in the establishment of this 
cave form. 
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EXPLANATION OF THE PLATES. 


All fish on the same scale. Ail 
Photographs of fish by S. C. Dunton, 
Plate T. 

Fig. 1. Unpigmented specimen from La Cueva 
Chica, Pool No. 2. 53 mm. standard length. 
Fig. 2. Section of eye of the above specimen, show¬ 
ing sunken and overgrown eye with cystic 
development. (Group 1.) 


Plate II. 

Fig. 3. Scarcely pigmented specimen from La Cueva 
Chica, Pool No. 3. 47 mm. standard length. 

Fig. 4. Section of eye of the above specimen, show¬ 
ing no exterior chamber, lens or pupillary 
area development and retina partially 
developed. (Group 2a.) 


eye sections on the same scale. 

Photomicrographs by M. Sparago. 

Plate III. 

Fig. 5. Partially pigmented specimen from La 
Cueva Chica, Pool No. 3. 58 mm. standard 
length. 

Fig. 6. Section of eye of the above specimen, show¬ 
ing uncovered sunken eye with well devel¬ 
oped form, iris poorly developed, retina, 
choroidal gland and optic nerve undevel¬ 
oped. (Group 2b.) 

Plate IV. 

Fig. 7. Normal river fish from the Hio Tampaon. 
07 mm. standard length. 

Fig. 8. Seel ion of eye of the above specimen, show¬ 
ing the normal optic constitution of these 
fishes. (Indistinguishable from Group 3.) 
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On the Species of Otus scops. 

Jean Delacour. 


Owls have long teen considered among the 
most difficult birds to understand, particularly in 
regard to systematics. Their secretive ways have 
made it difficult to collect suitable series, while 
the numerous plumage phases within the same 
form are often extremely puzzling. 

Among them, none are more confusing than 
those of the genus Otus , an ubiquitous group 
containing the small species known as “ Scops 
owls” in Europe, and “Screech owls” in America. 
This could, of course, be expected, since nocturnal 
habits, color and geographical variations are 
exhibited in the extreme among them. 

As early as 1875, Sharpe, in the Catalogue of 
Birds in the British Museum (Vol II. p. 44), 
wrote: “Difficult to understand as all owls are, 
the species of the genus Scops 1 are in every way 
the most difficult to identify. The impossibility 
of procuring series of some of the species to study 
at the same time; the absence of information ab 
to the sequence of plumages from the young 
stage to that of the adult, and the puzzling way 
in which some secies seem to possess rufous 
phases, while others do not—these are all prob¬ 
lems that only time can solve.” 

Time has certainly brought us a wider knowl¬ 
edge, but the classification of the Scops owls 
still leaves much to be desired. Authors differ 
widely, even today, as to the relationsliips and 
affinities of many forms. Particularly those of 
the smallest birds, related to the European 
Scops, seem to have remained in a state of con¬ 
fusion. The present pajier is an attempt to 
clear it up as much as possible. 

The small Scops owls, resembling Otus scops 
scops , are widely distributed in Europe, Asia, 
Africa and, curiously enough, are represented in 
western North and Central America. They are 
absent from South America, the Malay and 
Australasian Islands. To the unprejudiced stu¬ 
dent, these birds are all obviously so closely re¬ 
lated that it is impossible to consider them but 
as mere subspecies of one species, since it is well 
known that none of them breed on the same 
ground. Whenever two forms have been found 


1 Now called (Hun 


together, one has always proved to be a winter 
migrant. 

Scops owls, like many other avian types, are 
more or less migratory, according to distribution. 
The species is a dweller in temperate or tropical 
climates. Nowhere is it found far to the north. 
In the cooler regions of Europe, Asia and even 
perhaps northwestern America, it is only a sum¬ 
mer nesting visitor, migrating south as soon as the 
temperature becomes too low. Elsewhere, it does 
not wander much. It is found at both low and 
high altitudes, to the latter of which a few forms 
seem to be confined. As can be expected, the 
migratory forms have longer and more pointed 
wings than the resident races. 

Two facts have contributed to the obscuration 
of the status of these owls: first, the presence of 
different gray, brown and red color phases and 
their intermediates, which formerly caused much 
confusion but are now better understood; second, 
the unfortunate method of classifying them ac¬ 
cording to the wing formula, which has induced 
authors to consider as different species birds 
really hardly separated subspecifically. The rela¬ 
tive length of primaries is a late-acquired and 
relatively unimportant character; a more careful 
study shows that it is even quite variable in many 
forms. It certainly cannot stand as of specific 
value. The figures of wing contours, found in 
the course of this study, show some of the more 
typical formulas in different forms. But they 
represent only one or two of the more frequent 
formulas. In almost all subspecies there are 
numerous and important variations. 

It has been the mistake of many ornithologists 
of the last century to base generic and specific 
distinctions on easy, but often unimportant, 
characteristics such as wing formula, number of 
rectrices, etc. When undertaking a general study 
of the more difficult groups of birds, one is 
astounded to find that forms so closely related 
as to be obvious geographical races of the same 
species often are still widely separated in standard 
works. Unless a serious revision, based on actual 
series of specimens, be made, students certainly 
may be excused for not suspecting affinities which 
the literature does not suggest. 
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Such is the case of our Scops owls, In the 
Catalogue of Birds in the British Museum, Vol. 
II, 1875, cited above, Sharpe made excellent use 
of the materials and of information available in 
those days. Particularly he states (pp. 45 and 
106) that Scope flammeolus is the American 
representative of Scops gin (i Otus scops scops) and 
that many forms should be considered as races 
of the European bird. He believes that Scops 
senegalensis is eonspecific with Scops giu , being 
“ indistinguishable m color, ” and only smaller 
(pp. 51-52). He calls subspecies the following 
forms: capensis {senegalensis), pennatus (sunia ), 
stictonolus, japonicus , malayanus and rufipertnis. 
Further on (pp. 100-102) he recognizes that the 
two Andaman 8cops owls, balli and modest us, 
belong to two different species, all of which is 
correct. In time, ornithologists arbitrarily came 
to separate specifically different forms on the 
basis of the wing formula. 

In the last published general list, J. L. Peters 
(Birds of the World, Vol. IV, 1940) rightly con¬ 
siders all Asiatic forms as subspecies of Otus 
scops , stating in a footnote: “Some authorities 
consider the Scops owls of Eastern and South 
Eastern Asia as specifically distinct by reason of 
their wing formula; other things considered, this 
difference hardly seems grounds for sj>ecific 
distinctness. ” But he fails to recognize as such 
the African and American birds, although they 
are barely distinguishable in shape, color and 
wing formula. 

My attention was called to the unsatisfactory 
arrangement of these owls when H. Friedmann 
<fc H. G. Deignan {Journal of the Washington 
Academy of Sciences , 20, No. 7, July 15, 1039, 
pp. 287-291) described a new race, distans, from 
two Siamese specimens, as a subspecies of Otus 
senegalensis to which it is truly very similar. 
That all the more sedentary tropical forms of 
Scops, small and round-winged, are very closely 
related cannot be denied, and the new distans , 
later on also found in South Annam, is curiously 
similar to the Angolan hendersoni, as was pointed 
out. But it is not very different cither from the 
Indian sunia , particularly in its recently dis¬ 
covered extreme red phase, never found among 
African birds. The same sunia in its gray phase 
also closely resembles senegalensis from north¬ 
western Africa. It did not, therefore, seem 
acceptable to consider distans as a subspecies 
of senegalensis while sunia and other Asiatic 
forms were left within the species scops . Another 
interpretation had to be found. 

The study of materials now at my disposition 
in America has lead me to the following con¬ 
clusions: 

All the small Scops owls of Euroj>e, Asia and 
western North and Central America, must be 
considered as geographical representatives—that 
is to say, as subspecies— of the species Otus scops . 
Differences in size, wing formula and coloration 
remain well within the normal range of racial 
variations, the northern migratory birds being 
duller and having longer and more pointed wings 
than the more sedentary tropical ones. 


None of the different Scops owls of this group 
breed in the same territory, and wherever they 
meet, it is only on the winter grounds of northern 
migrants. All these owls have similar habits, 
behavior and voice, varying only in a minor 
degree. 

The position of Otus brucei , from western 
Asia, is somewhat peculiar. It looks rather like 
a pale gray, lightly marked desert edition of 
Otus scops . However, it occupies large areas 
where the latter also lives and breeds. On close 
examination it proves to have longer tarsus and 
tail, and, according to Cheesman, its voice is 
completely different. No intermediates between 
these two Scops seem ever to have been found. 
It must be regarded as a different species. (See 
Dementiev, Syst, Av. Ross., Paris, 1935, p. 50.) 

Otus balli , from the Andaman Islands, where 
O. s. modestus also is found, stands as a separate 
species, being a larger, heavier bird, with a 
different color pattern. The very rare Otus 
leucopsis from 8. Thom6 appears also to be a good 
species. The small Scops owls of the rutihis, 
umbra , manadensis and spilocephalus groups con¬ 
stitute also as many species, for the same reason. 
Furthermore, several races of O. spilocephalus 
live on the same grounds as O. scops. 

I cannot decide whether or not the Philippine 
forms of Scops owls, as admitted by Peters, really 
l>elong to the species Otus scops (calayensis , 
longicornis, mindorensis, romhlonis , cuyensis). 1 
could examine only two s]>eciinenB of the latter, 
which seems to be too different in size and color 
pattern to be included, none of the othere having 
been available. The same can l>o said of man- 
tananensis , from Mantanani Island, north of 
Borneo. In his “ Birds of the Philippine Islands ” 
(London, 1934), Marquess ITaehisuka does not 
consider any of the Philippine Scops owls as close¬ 
ly related to Otus scops. 

As none of the types and scries preserved in 
European collections can at present be examined, 
I find it impossible to proceed now to a complete 
revision of the species Otus scops. I can only at¬ 
tempt here to establish a tentative list of its forms, 
leaving to the future further considerations and 
appreciations as to the validity of several sub¬ 
species. In such cases, I have provisionally 
accepted Peter's conclusions in his “Birds of the 
World.” 

I am simply giving for each fonn its geographi¬ 
cal distribution, formula and dimensions of 
wings, while stressing interesting points on color 
phases and plumages from actual examination 
and also from literature whenever necessary. 
For general descriptions of the species, I refer 
my readers to those of Otus scops scops easily 
found in standard works, which can be used for 
comparison with other subspecies. 

All forms of Otus scops have the tarsus feath¬ 
ered to the base of the toes, except in a few cases 
which are mentioned below. Their eyes are 
usually yellow, but in some forms they vary to 
brown ( sunia and allies), while in others they are 
always dark (flammeolus). 
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In the present study, I have been greatly 
helped by my friends Dr. J. Chapin, Dr. E. Mayr 
ana Mr. J. Zimmer, of the American Museum of 
Natural History, New York; Dr. H. Friedmann 
and Mr. H. G. Deignan, of the National Museum, 
Washington; Mr. R. M. de Schauensee, of the 
Academy of Natural Sciences, Philadelphia; and 
Mr. J. C. Greenway, of the Museum of Compara¬ 
tive Zoology, Cambridge, who kindly loaned me 
the specimens in their care. 

I have made particular use of the valuable in¬ 
formation found in the more recent works by 
Hartert, Mr. W. L. Sclater, Mr. E. C. Stuart 
Baker, Dr. D. A. Bannerman, Dr. J. Chapin, 
and I am much indebted to the researches of Dr 
E. Stresemann (Mitt Zool. Mvs. Berlin , 12 (1) 
1925, pp. 191-195) ; Dr. P. Dementiev (Syst. Av. 
Ross., Paris, 1935, pp. 49-51); Dr II. Friedmann 
and Mr. If. G. Deignan, and of L. Peters (cited 
above). The drawings of wings were executed 
by Mr. Lloyd Sandtord. I tender them all my 
grateful thanks. 


1. Otus scops scops . 



Otus scops scops, c? Lanusci, Sardinia, 2-1-1901. 
(Amer. Mus, Nat. Hist., New York.) 


Strix scops Linnaeus. Syst. Nat., ed. 10, 1, 
1758, p. 92. (Europe, restricted to Italy.) 

Distribution: Breeds in Central and Southern 
Europe, north to central France, northwestern 
Germany, the Alps, Austria, Hungary, south¬ 
western Russia, the Canary Islands, North 
Africa. Winters in West Africa, east to Ethiopia 
and south to Uganda. 

Wing Formula: 3rd primary longest, 2nd sub¬ 
equal; 1st primary long, equal to Gth, or between 
5th and 6th, or Gth and 7th. 

Dimensions of Wings: o' 147-161 mm. 9 148- 
166 mm. 

Color Phases: Amount of gray and reddish- 
brown variable, producing gray and brown 
phases, but no clear red phase. The markings 
vary much in intensity 

2. Otus scops cycladum. 

Pisorhina scops cycladum Tschusi. Orn. 
Jahrb 15, 1904, p. 21. (Naxos). 

Distribution: Resident in the Cyclad Islands 
and Crete. (Not examined.) 

3. Otus scops pulchellus. 

Stryx pulrhella Pallas. Reise Yersch. Prov. 
Russo Reichs, 1, 1808, p. 456 (Siberia.) 

Distribution: Breeds in Russia, east of Longi¬ 
tude 35° East and north to Latitude 56°; Cau¬ 
casus, southwestern Asia north to Irtysh, east to 
Krasnoyarsk, south to Kirghiz Steppe, Ferghana, 
Tabargatai and the Altai. Winters in the upj>er 
Nile Valley, southwestern Asia and northwest 
India. 

Wing Formula: Same as in Otus scops scops. 

Dimensions of Wings: 150-164 mm. 9 156- 
163 mm. 

Color Phases: Very close to Olus seops scops , 
but brown phase almost absent; only a few speci¬ 
mens have a little more rufescent tinge than 
others. General color more grayish and more 
uniform, particularly on the upi>er parts. (See 
P. Dementiev, Systema Avium Rossicarum, 
Paris, 1935, pp 49^31.) 

4. Otus scops turanicus. 

Pisorhina scops turanicus Loudon. Om. 
Monatsb , 13, 1905, p. 129. (Kara-Korum, 
Transcaspia). 

Distribution: Transcaspia, Bukhara, northern 
Persia, Armenia? 

Wing Formula: Like Otus scops jrulchellus. 

Dimensions of Wings: Similar to precedent. 

Color Phases: According to Dementiev ( loc . 
cit .). This form is lighter still than pulchellus; 
pattern very fine, but well marked with more 
white markings. The one specimen in the Ameri¬ 
can Museum of Natural History, from Mt. 
Asilmadog, Transcaspia, answers well the above 
description. Spots and shades very clear on pale 
ground color. 
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5. Otus scops cyprius . 

Scops cypria Madarasz. Termes, 24, 1901, p. 
272. (Livadia, Cyprus.) 

Distribution: Island of Cyprus. (Resident.) 

Wing Formula: Same as in Otus scops scops. 

Dimensions of Wings: 150-103 mm. 9 153- 
167 mm. 

Color Phases: Gray phase only; markings very 
distinct and rather strongly resembling those of 
the gray phase of Otus scops sunia and Otus scops 
senegalensis. 


6. Otus scops stictonotus . 



Text-figure 2. 

Otus scops Uu'tonotus. 9. Chingwangtao, 
Tchili, N. China, 14-IX-1913. (Mus. Comp. Zool., 
Cambridge, Mass.) 

Scops stictonotm Sharpe. Cat, Birds Brit. 
Mus., 2, 1875, p. 54. (China). 

Distribution: Breeds in Amurland, Ussuriland, 
great Chigan, Manchuria, down to central China. 
Winters in South China, Tonkin, Laos and Siam. 
Hainan? 

Wing Formula: In this form and in all the fol¬ 


lowing ones, the first primary is much shorter 
and the wing more rounded than in the preceding 
five northwestern birds. 

The formula is rather variable. In most of the 
specimens, the 1st primary is between 6th and 
7th, but in others 1st equals 7th or 1st equals 6th, 
or 1st is between 7th and 8th. The 4th primary 
is the longest, but in a few cases, the 3rd is equal 
to it. The 2nd primary is equal to 5th, or between 
5th and 6th. There are many variations as to 
the relative length of the different primaries. 

Dimensions of wings: <f 137-152 mm. 9 137- 
154 mm. 

Color Phases: Brownish-gray and bright red 
phases are found in this form with many inter¬ 
mediate plumages. More clearly marked than 
Otus scops scops, and generally darker and brown- 



Text-figure 3. 

Otus scops stictonotus, 9. Eastern Siberia, 16- 
1X-1900. (Amer. Mus. Nat. Hist., New York.) 

er. Differs very slightly from the following form, 
Otus scops jai>onicu8 , having coarser and clearer 
marking below and in being a little more mottled 
above, with a rather dearer indication of a collar. 
But the two races arc very close and only a series 
can show differences on an average. A few 
specimens are indistinguishable (about 10%). 

All continental specimens, including some from 
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Tonkin, Laos and Siam, belong to this race. Two 
from Formosa, collected during the winter, seem 
to belong to japonicus. Two dark specimens 
from Siam, in the Academy of Natural Sciences 
of Philadelphia, mentioned by Friedmann & 
Deignan as intermediates between malayanus and 
japonicus } belong, in my opinion, to stictonotus. 
'They have the whole tarsus feathered, unlike 
malayanus , and although dark, can be matched by 
several Chinese specimens. Modestus is confined 
to the Andaman and perhaps also the Nicobar 
Islands. 


7. Otus scops japonicus. 



Text-figure 4. 


Otus scops japonicus. d\ Toyoashi, Mikawa, 
Japan, 20-X-1922. (Mus. Comp. Zool., Cambridge, 
Mass.) 

Otus scops japonicus Temminck & Schlegel. 
Fauna Jap., 1850, p. 27. (Japan.) 

Distribution: Japan, from Hokkaido to Kiusiu. 
Formosa in winter? 

Wing Formula: Same as in Otus scops stictono- 
tus. 

Dimensions of Wings: c? 143-146 mm. 9 142- 
151 mm. 

Color Phases: Brown and red phases as in 
stictonotus . Less clearly marked below and more 
uniform above, but barely recognizable. 


8. Otus scops interpositus, 

Otus japonicus interpositus Kuroda. B. 0. C. 
BuU. t 43, 1923, p. 122. (S. Borodino Island). 

Distribution: Borodino Island. (Not ex¬ 
amined). 

9. Otus scops botelensis. 

Otus sunia botelensis Kuroda. Tori, 5, 1928, 
p. 26. (Botel Tobago.) 

Distribution: Island of Botel Tobago. (Not 
examined.) 

10. Otus scops elezans. 

Ephialtes elegans Cassin. Proc. Acad. Nat. Sci . 
Philadelphia , 6, 1852, p. 185. (Off coast of 
Japan.) 

Distribution: Riu-Kiu Islands, 

Wing Formula: As in Otus scops stictonotus. 
Same variations. 

Dimensions of Wings: d” 160-170 mm. 9 163- 
167 mm. Very large size. 

Color Phases: All specimens are in brown plum¬ 
age; series very even. Resemble the brown 
phase of Otus scops japonicus . No red phase 
recorded. 


11. Otus scops malayanus. 



Text-figure 5. 

Otus scops malayanus. 9. Taiping, Perak, 
Malay States, ll-XI-1913. (Amer. Mus. Nat. 
Hist., New York.) 
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Scops malayanus Hay. Madras Joum. Lit. 
Sci. } 13, pt, 2, 1847, p. 147. (Malacca.) 

Distribution: South China (breeding?) down to 
the Malay Peninsula, where it is probably a 
winter visitor. Range still uncertain. Specimens 
examined from Perak, November 1 (Malay P.), 
Sui-fu (Szechuan), Mongtse, October 12 (Yun¬ 
nan) and Yenping, March 16 (Fokhieu). 

Wing Formula: Variable—usually 3rd and 4th 
primaries longest, equal or subequal; 1st between 
6th and 7th. not differing from Otus scops 
stictonotus ana others. 

Dimensions of Wings: cT 135-150 mm. 9 146- 
150 mm. 

Color Phases: Brown and bright red phases, 
but in all cases distinctly darker than stictonotus. 
Intensity of markings much the same, rather 
greater below. Lower quarter of tarsus naked. 


12. Otus scops modes tus. 

Scops modestus Walden. Ann. and Mag. Nat. 
Hist (4), 13, 1874, p. 123. (Port Blair, S. 
Andaman Island.) 

Distribution: Andaman Islands—Nicobar Is¬ 
lands? 

Wing Formula: 4th primary the longest, but 
little longer than 3rd and 5th; 1st between 8th 
and 9th. 

Dimensions of Wings: 143 mm. 9 140-142 

mm. 

Color Phases: Brown phase only; series (5) 
very even (collected at Port Blair in Mav, 
September and December). Above faintly 
spotted as in Otus scops japomeus; below more 
clearly marked, almost like sunia , with a good 
deal of white. Scapulars with pure white marks. 
Lower quarter of tarsus naked as in Otus scops 
malayanus. Andaman Otus scops are clearly 
different from Indo-Chinese, Burmese and S. 
Chinese specimens. They are less mottled above, 
and more below, and have the lower part of the 
tarsus unfeathered. The subspecific name mo¬ 
destus must be restricted to them. Nicobar birds 
(not examined) may l>e the same. 


13. Otus scops distorts, 

Otus senegaleusis distans Friedmann & Deignan. 
Joum . Washington Acad. 8ci. f 20, p. 7, 15, July, 
1939, p. 287. (Sala Metha, Chiengmai, N. 
Siam.) 

Distribution: Siam and S. Indo-China. (Resi¬ 
dent.) 

Wing Formula: 4tli primary the longest; in the 
four known specimens, the wing formula varies: 

1. (Type) 9 Sala Metha, N. Siam, Feb. 20, 
1936 (gray phase). 

1st * 8th 

2nd between 5th and 6th 
3rd » 5th 

4th slightly longer only 


2. 9 Pha Chang, S. Siam, March 20, 1927 

(gray phase) 

1st between 7th and 8th 
2nd « 5th 

3rd between 4th and 5th 

3. c? Dalat. S. Annam, August, 1939 (gray 

phase) 

1st between 8th and 9th 

2nd between 5th and 6th 

3rd and 5th subequal, 4th barely the 

longest 

4. ? Finmon, S. Annam, November, 1939 (red 

phase) 

1st between 9th and 10th 
2nd between 7th and 8th 
3rd - 5th 
4th the longest 



Otus scops d%stan8 . Type. 9. Sala Metha, N. 
Siam, 15-VII-1936. (U. S. Nat. Mus., Washington, 
D. C.) 


Dimensions of Wings: 142 mm. 9 142 (type) 
and 127 mm. ?—128 mm. 

Color Phases: Gray phase very similar to gray 
phase of Otus scops hendersoni from Angola, with 
very strong and clear markings and much white 
and gray above and below. Also near gray phase 
of Otus scops 8unia f but still more mottled and 
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less brownish. Red phase very bright and close 
to the red phase of sunia , with stronger black 
marks above and more white and gray below. 


14. Otus scops sunia . 

Scops sunia Hodgson. As. Res. 1836, p. 175. 
(Nepal). 

Distribution: Himalaya, from Kumaon to 
Upper Burma, Punjab, Central Provinces, 
Bengal, Assam and the greater part of Burma. 

Specimens from Dalu in the Chin Hills 
(Burma) in the gray phase, and a series from 
Upper Assam, in the red phase, are inseparable 
from Himalayan specimens. 

Wing Formula: 4th primary the longest; 1st 
usually between 7th and 8th, but formula very 
variable and sometimes 1st * 6th. In one 
Assamese bird, the 4th and 5th are equal, the 
3rd is hardly longer than the 6th, and the 2nd is 
between 6th and 7th. In four others from the 
same locality, 3rd « 5th and 2nd - 5th. 

Dimensions of Wings: & 136-147 mm. 9 
140-154 mm. 

Color Phases: Very gray and very red phases, 
and some brown intermediates. Gray birds are 



Otus scops sunia. 9. Upper Assam, India, 5- 
1-1903. (Amer. Mus. Nat. Hist., New York.) 

strongly mottled above and much resemble some 
specimens of Otus scops senegalensis. All are 
strongly marked below and above with much 
white, but never so gray and white as Otus scops 
distans . The weakly marked gray birds resemble 
the more strongly marked Otus scops scops in 
color. 

15. Otus scops rufipennis ♦ 

Otus rufipennis Sharpe. Cat. Birds B. M. 2, 
1875, p. 60. (Eastern Ghats, Madras.) 

Distribulion: Indian Peninsula south from 
Bombay and Madras. 

Wing Formula: “Similar to Otus scops scops/ 1 
according to Baker, but in fact like sunia, with 
a short first primary. 

Dimensions of Wings. “122-135 mm." 

Color Phases: “Similar to sunia, but rather 
darker. ” (Stuart Baker.) 

One d” specimen from Jag&Ued, Bombay Pr., 
in the Koeltz collection, is very near pulchellus 
in coloration, with more rufous on the wings. 

16. Otus scops leggei. 

Otus cunia leggei Ticehurst. Ibis, 1923, p. 
242. (Kotmalie, Ceylon.) 
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Distribution; Ceylon. (Not examined.) 

Wing Form'ula: “Similar to Otus scops scops ,” 
(Baker.) But more likely similar to rnnia. 

Dimensions: “119-127 ram.” 

Color Phases: “Differ from other races in l>eing 
much smaller and darker.” (Stuart Baker.) 


17 . Otus scops senegalensis. 

Scops senegalensis Swainson. Birds W. Air 1, 
1937, p. 127. (Senegal.) 

Distribution: Northern west Africa, east to 
Egyptian Sudan, south to the border of the 
Congo. Not found in heavy forest areas. 

Wing Formula: 1st primary * 6th, or between 
6th and 7th, but usually between 7th and 8th; 
3rd between 4th (the longest) and 5th; 2nd be¬ 
tween 5th and 6th. 

Dimensions of Wings: o” 123-136 ram. 9 130- 
138 mm. 

Color Phases: Gray and brown phases, but no 
bright red phase in any of the Ethiopian Scops 
owls, which are all very closely related. Re¬ 
sembles much the similar phases of Otm scops 
sunia . Much individual variation in the in¬ 
tensity of markings. Some are very close in 
color to certain well marked Otus scops scops. 


18 . Otus scops pygmeus. 

Scops pygmea C. L. Brehrn. Vogelfag, 1855, 
p. 43. (Sennar.) 

Distribution: Southern and eastern Egyptian 
Sudan and northern Abyssinia. 

Wing Formula: Similar to Otus scops Senegal - 
ensis . 

Dimensions of Wings: cf 130 mm. 9 334 mm. 

Cobr Phases: Hardly different from Otus scops 
senegalensis, but said to }>e rather more faintly 
marked, tending to Otus scops scops. Probably 
not valid, but comparative materials are insuffi¬ 
cient to decide. 


^ 19 . Otus scops coecus . 

Otus senegalensis coecus Friedmann. Auk , 
1929, p. 251. (Sadi Malka, Ethiopia.) 

Distribution: Abyssinia, except northwestern, 
Somaliland and Kenya, south to north Guaso 
Nyiro River. 

Wing Formula: Similar to Otus scops Senegal - 
ends . 

Dimensions of Wings: o’ 1 120-133 mm. 9 119— 
121 mm. 

Color Phases: Gray and brown. Described as 
darker, more heavily vermiculated than any 


other race, which is not borne out by some of the 
few specimens examined. 


20 . Otus scops socotranus. 

Scops socotranus Ogilvie-Grant & Forbes. 
Pull . Liverpool Mus 2, 1899, p. 2. (Socotra.) 

Distribution: Socotra Island. (Not examined.) 


21 . Otus scops pamelae. 

Otus senegalensis pamelae Bates. B. 0. C. 
Bull., 57, 1937, p. 150. (Dailami, Arabia.) 

Distribution: Arabia. (Not examined.) 

22 . Otus scops ugandae . 

Pisorhina ugandae Neumann. Journ. Fr. 
Orn , 47, 1899, p. 56. (Kwa Mtessa, Uganda). 

Distribution: Upper Uelle east to Barh-el-Jebel, 
and south to Lake Kivu and Ankole. 

Wing Formula: Similar to Otus scops senegal- 
crisis. 

Dimensions of Wings: d” 331-143 mm, 9 135 
mm. 

Color Phases: As in Otus scops senegalensis, 
but less gray, with markings on breast more 
contrasted. 


23 . Otus scops feae. 

Scops feac Salvador! Mem. R. Ac. Sc Torino , 
53, 1903, p. 95. (Island of Anobon.) 

Distribution: Island of Anobon (W. Africa). 
(Not examined ) 

Color Phases: “Resembles Otus scops sene gal- 
ends, but darker in color. The black shaft- 
streaks of the underparts broader.” (Bnnner- 
man.) 

24 . Otus scops graueri. 

Otus senegalensis graueri Chapin. Am. Mus . 
Nov., 1, no. 412, 1903, p. 4. (Lueba, northwest 
shore of Lake Tanganyika.) 

Distribution: Coast of Kenya, Tanganyika east 
to Katanga. 

Wing Formula: Similar to Otus scops Senegal - 
ensis. 

Dimensions of Wings: & 124-128 mm. 9 
129-136 mm. 

Color Phases: Differ slightly from Otus scops 
ugandae by “having the crown, back, rump and 
lesser wing coverts more heavily washed with 
rufous, while the rufous markings on the basal 
half of the breast-feathers are paler and less 
extensive.” (Chapin.) Series are very even. 
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Text-figuie 9. 

(Hu* stops hendersoni. 9. Bailundu, Angola, 
19-VII1-1901. (Amer. Mus. Nat. Hist., New York.) 

Ephialles hendcrsoni Cassin. Proc . A (ad. A at. 
Sci. Philadelphia , 6, 1852, p. 186. (Off Novo 
Redondo, Angola.) 

Distribution: Angola and south western Congo. 

Wing Formida: Similar to Otus scops senegal- 
ensis. 

Dimensions of Wings: o' 128-136 mm. 9 
134-140 mm. 

Color Phases: Often very gray and clearly 
mottled, and almost similar in color to gray Otus 
scops distans from southeastern Asia, but many 
specimens are also strongly washed with rufous. 

26 . Otus scops pusillus . 

Pisorhina capensis pusiUa Gunning & Roberts. 
Ann. Transvaal Mus., 3, 1911, p. 111. (Nama- 
bieda, Portuguese East Africa.) 

Distribution: Mozambique to borders of Nyasa- 
land and S. Rhodesia. (Not examined.) 

27 . Otus scops intermedius. 

Pisorhina capensis intermedia Gunning & 
Roberts. Ann . Transvaal Mus., 3, 1911, p. 111. 
(Pretoria.) 


Distribution: South Africa, except the Capo 
Province. (Not examined.) Doubtfully valid. 
Probably synonym of Otus scops latipcnnis (* 
capensis auct.). 

28. Otus scops tatipennis. 

Scops latipennis Kaup. Jar dive’s Contr. Om., 
1852, p. 110. (Caffrana.) 

Distribution: Cape Province. (Not examined.) 
“Tarsus not feathered down to the toes.” 


29 Otus scops flammeolus. 



Scops flammcola Kaup Jardim's Contr. Orn , 
1852, p. 111. (Mexico.) 

Distribution: Southern British Columbia, south 
through the mountains of western United States 
and Mexico, east to New Mexico. 

Wing Formula: 1st primary between 7th and 
8th, or between 6th and 7th, more usually « 8th; 
4th longest or equal to 3rd; 2nd between 5th and 
6th. 

Dimensions of Wings, c? 128r>13fc mm. 9 
129-144 mm. 

Color Phases: In the gray phase, resembles 
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Olus scops suma and Olus scops senegalemis . 
No bright red phase as in Asiatic Scops owls, but 
a brown rufescent one of variable intensity as in 
the African races. Always differs from all others 
in the variable russet coloration of the upper 
throat, top of the head, feathers around the eyes, 
egrets and facial disk. Under parts much like 
those of distans and hendersoni, very gray; upper 
parts less mottled, more like those of mnia . 

30. Otus scops rarus. 

Olus flammeolus rams Griscom. Auk, 1937, p. 
391. (Dueiias, Guatemala.) 


Distribution: Highlands of Guatemala. (Not 
examined.) “Similar to flammeolus , but in the 
intermediate phase more brownish, less purely 
gray in ground color above; ochraccous longi¬ 
tudinal wing-bars richer and deeper, broken 
collar across hind neck tawnier and brighter, less 
brownish; most of the occiput bright tawny 
ochraceous rather than rusty brown; chestnut 
areas on side of head and auricular region rather 
brighter and more richly colored; brownish or 
rusty washing on underparts brighter and 
tawnier. ” (Griscom, Ibis, 1935, pp. 549-550) 
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A New Genus of Kaleege Pheasants. 

Marquess Haciiisuka. 


Delacourigallus gen. nov. 

Gennacus edwardsi Oustalet, 1890. Type, by 
original designation. 

As far as we know at present, the new genus 
includes two distinct species of Kaleege pheasants 
known only from restricted ranges in Annam, 
edwardsi and imperialis. Until now they have 
been considered to be congeneric with Hicro- 
phasis swinhoii of Formosa, but the members of 
the new genus are much smaller than H. swinhoii; 
the wattles are much less developed and project 
very little beyond the outline of the head during 
display, while in Hierophasis they stick out 
vertically above and below the head. The tail 
in Hierophasis is more elongated, each feather 
becoming narrower and more pointed toward 
the end, the central pair, which is curved down¬ 
ward, being longer than the second. The female 
of the new genus is plain huffish or rufous brown, 
while in Hierophasis the chin is white and the 
underparts of the body are lighter than the upper; 
the entire body, including the central pair of tail 
feathers, is mottled and barred. 

The general color pattern of the females in the 
new genus is extraordinarily similar to Lobiophasis 
and far more removed from Hierophasis. 

Remarks: It is interesting to note that Delu- 
courigaMuSy Hierophasis and Lobwphasis are alike 
in many important points. All the males have 
metallic blue and green scale-like feathers on the 
dorsal part of the body, steel blue being the pre¬ 
dominating color. The cocks of Hierophasis 
have their tails partly white, while Lobiophasis 
cocks have entirely white tails. Both are 
chestnut brown during their early stage. Second¬ 
ary sexual characters are developed in Lobio¬ 
phasis on the wattle and the tail, while the 
general color pattern is well developed in Hiero¬ 
phasis. All three groups have the same wing 
formula: 4th, 5th and 6th primaries being about 
equal and the longest. The cocks of Ddacouri- 
gallus resemble Hierophasis , although their color 
pattern is not so well developed, and the hen is 


amazingly similar to that sex in Lobiophasis. 
When the hens of these two genera are compared, 
they show no sufficient generic differences. The 
hen Lobiophasis has 14 pairs of tail feathers 
while Delacourigaltus has only 6 to S pairs. (I 
have only a limited number of aviary specimens 
and some have damaged tails). This difference 
has not more than specific imjjortance, because 
we know that Crossopt'don has different numbers 
of tail feathers according to species. Lobiophasis 
has a blue, naked face, while in Dilueoiirigailus 
it is red. This is only a specific character among 
Gallus. The feathers on the crown are slightly 
elongated in the female Delacourigallus , but not 
forming a crest; Lobiophasis has a normally 
feathered crown. 

One can see clearly that LobiophasiSy one of the 
most peculiarly dcvelojied of all pheasants, is 
fundamentally quite close to Delarourigallus. 

Geographically shaking, Delacourigailvs lives 
in Annam, and the two allied genera on islands, 
Hierophasis in Formosa and Lobiophasis in 
Borneo. It is not difficult, therefore, to suppose 
that Ddacowrigallus is prototypic, and the other 
two develo}>ed into a larger, more ornate, type in 
distant insular localities. 

We are further able to trace the affinity of 
Dclarourigallus to Gennaeus and are sure that 
both have derived from a common ancestor. 

For the ever-growing number of ornithologists 
who now prefer to adopt wide genera, Delacouri- 
gallus can be considered a subgenus of the genus 
Gennaeus, as well as its other allies: Hierophasis, 
Lobiophasis , DiardigaUus y Lophura and IIoup - 
pifer. 

The generic name is given in honor of Jean 
Delacour, the rediscoverer of the Edwards' 
pheasant and the discoverer of the Imperial 
pheasant, who has also propagated these two 
species in his aviaries and made them well 
known to us by distributing them among zoo¬ 
logical gardens m many parts of the world. The 
two pheasants included under the new genus 
are extremely rare in the wild state. 
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Eastern Pacific Expeditions of the New York 
Zoological Society. XXVI. 

Crabs of the Genus Uca from the West Coast of Central America . 1 


Jocelyn Crane 

Technical Associate, Department of Tropical Research, 
New York Zoological Society, 

(Plates I-IX; Text-figures 1-8). 


[This is the twenty-sixth of a series of papers 
dealing with the collections of the Eastern 
Pacific Expeditions of the New York Zoological 
Society made under the direction of Dr. William 
Beebe. The present paper is concerned with 
specimens taken on the Arcturus Oceanographic 
Expedition (1925), on the Eastern Pacific Zaca 
Expedition (1937-1938) and on a special trip 
made to the Pacific shores of Panama by the 
author in January and February, 1941. For data 
on localities and dates of the Arcturus and Zaca 
Expeditions, refer to Zoologica , Vol. 8, No. 1, pp. 
1-32, and Vol. 23, No. 14, pp. 278-298.] 
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I. Introduction, 

The present study is based on three collections: 
It is the second paper in a series dealing with the 
brachyuran crabs of the Eastern Pacific Zaca 
Expedition. 2 In addition, an account is included 
of specimens which were taken by the author 
during January and February, 1941, on the 
Pacific coasts of Panama and the Canal Zone. 
Finally, a discussion is included of specimens 
referred by Boone (1927) to Uca galapagensis 
and U. helleri , since a reexamination shows that 
other species and fresh points of interest are 
involved. 


1 Contribution No. 628. Department of 'Tropical Re¬ 
search, New York Zoological Society. 


* Previously published: Crane. 1940. 
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The collections comprise a total of 1,093 
specimens, distributed among 27 species, of 
which 11 are apparently new to science. This 
wealth of material and the ecological observations 
which I was privileged to make in the field on 
both the Zaca and Panama trips, are such that 
considerable additions are made in this paper to 
our knowledge of habits, habitats and the phylo¬ 
genetic relationships of the species. In the 
following pages all references to courtship, court¬ 
ship coloration, copulation and shelter building 
are based on observations made at La Boca, 
Balboa, Canal Zone, at the mouth of the Canal, 
during the recent Panama trip, while reports on 
habitat, general habits and everyday color in life 
are from notes made during lx>th the latter trip 
and the Zaca Expedition, on specimens observed 
and captured along the west coast from Mexico 
to Panama. 

Certain hitherto disregarded physical char¬ 
acters have been found to be of taxonomic value, 
and while Miss Ratlibun’s invaluable monograph 
(1917) remains, as before, the foundation of any 
work on these species, the number of new forms 
in the present collection necessitated the making 
of a new key. 

I wish to express my appreciation for aid in 
the preparation of this study to the following 
people: To Dr. William Beebe, Director of the 
Department of Tropical Research, for sugges¬ 
tions and criticism, and for granting me leave 
of absence to make special observations on Uca 
in Panama during the winter of 1941; to Mr. 
Templeton Crocker for the opportunity of col¬ 
lecting material while on a cruise of his yacht 
Zaca; to Dr. Waldo L. Schmitt of the United 
States National Museum for the loan of material, 
and for laboratory facilities during study trips 
to Washington; to Dr. Roy Miner of the Ameri¬ 
can Museum of Natural History for the loan of 
material; to Dr. Herbert G. Clark of the Gorgas 
Memorial Laboratory, for laboratory facilities 
during my trip to Panama and to Mr. II. H. 
Evans for most valuable suggestions in regard 
to collecting grounds in Panama and the Cana) 
Zone. 

The drawings in the present paper are the 
painstaking work of Mr. James Butler (Text- 
figures 2-5) and Miss Janet Wilson (Text- 
figures 6-8). 

II. Summary of Important Points. 

1 . Courtship: The waving of the large claw by 
male fiddler crabs is without question primarily 
concerned with the attraction of females, at least 
during the breeding season, and only secondarily 
with the warning-off of crabs trespassing on a 
male's feeding range. The waving is only one 
manifestation, or step, in a definite courtship 
display or dance which varies so greatly with the 
species that individuals can be recognized at a 
distance by their characteristic motions. The 
other portions of the displays include raising of 
the body and stretching of the legs, various steps 
to one side or the other, revolutions, and special 
motions with the minor cheliped. All of these 


motions show off the areas of most brilliant 
color to the best advantage: for example, the 
anterior (ventral) side of the merus of the first 
two or three pairs of ambulatories are usually 
brilliantly colored in courting males, contrasting 
to the colored areas elsewhere on the body; yet 
these areas show only when the chelipeds are 
outstretched in display; the same is true of the 
merus of the major cheliped. The display of 
twelve species was observed, 

2. Color Change: Courting adult males, in con¬ 
trast to other adult males, and, of course, to 
females and young, change color daily upon 
exposure to sunlight within the space of a short 
time—from a few minutes to an hour or more 
being required. The crab does not display 
vigorously and completely until full courtship 
color is assumed, the courting dress being always 
brighter than any other phase found in the same 
species. That courtship coloration and display 
play a definite part in sexual recognition and 
attraction is certain; that they play one also in 
sexual selection is likely, but has not yet been 
proved by experiment. 

Courting males lose color rapidly when cap¬ 
tured, resuming more or less completely the 
shades and patterns characteristic of the females 
and young, so that accurate color notes on breed¬ 
ing coloration can only be made when the crab 
is free and undisturbed. The use of binoculars 
in such study is almost essential. 

3. Mating: Copulation was observed above 
ground, for the first time in natural surroundings, 
in three secies. In each case it was preceded 
first by elaborate display of the male, and then 
by mutual stroking. The major cheliped played 
no part in actual copulation. It is thought that 
in most cases mating normally takes place l>elow 
ground, but that when a female becomes acqui¬ 
escent at the mouth of her burrow, which is 
usually too small for a male to enter, he induces 
her to mate there. When possible, however, he 
leads her, by means of display, to follow him 
down his hole. The latter procedure was ob¬ 
served in seven species. Even at the height of 
the breeding season, males are successful in only 
a minute fraction of their courtships, and then 
only after prolonged and much interrupted 
displaying which sometimes is protracted over a 
period of days. All the courtships were observed 
in Pacific Panama in late January and through¬ 
out February, in the midst of the dry season; 
ovigerous females were seen in all courting 
species. Whether breeding continues at other 
times of the year is not yet known. 

4. Shelter Building: Shelters made of pellets of 
sand, roughly semispherical in shape, were built 
by courting males of certain species on certain 
days above the mouths of their burrows. The 
function of these structures remains as yet unex¬ 
plained. 

5. Phytogeny: A tentative phylogenetic tree 
of the species of Uca from the eastern Pacific is 
presented. Basic characters, including especially 
the mouthparts and minor chelipeds^ have proved 
to be of more value in tracing relationships than 
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Shore collecting stations of the Eastern Pacific 

the characters usually employed to differentiate 
species, such as the form of the major cheliped, 
width of the front and convexity of the carapace. 
Related species show fundamental similarities in 
courtship displays as well as in physical attri¬ 
butes. Specialization has taken place in a number 
of directions, but especially toward provision for 
withstanding dryness, in connection with the 
adoption of a truly littoral existence. Species 
living, or at least courting, on shores which are 
daily exposed by the tide for relatively long 
periods in general have the most highly developed 
courtships and the brightest colors, including 
dazzling white, in contrast to forms living exclu¬ 
sively on briefly exposed mud flats. 

6. New Species: Of the 27 species in the present 


Expeditions of (he New York Zoological Society. 

collection, 11 apjiear to be hitherto undescribed. 
This raises the total of apparently valid species 
known from the eastern Pacific from 22 to 33. 

7. Taxonomic Notes: Miss Rathbun’s synony¬ 
my (1917) lias been followed throughout. The 
following forms, described or recorded since that 
date, should apparently be synonymized as 
indicated: 

U. galapagensis , Boone, 1927 (not U. galapagensis 
Rathbun) part. «* U . viucrodactyla (Milne^Ed- 
wards & Lucas); part . =» U. panamc> 4s (Stimp- 
son); part, correctly identified. 

U. brevifrons var. ddicata Maccagno, 1929. — U. 
brevifrons (Stimpson). 

U. guayaquilensis Rathbun 1935. -- V. festae 
Nobili 1902. 
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III. Material and Methods. 

The data in the present paper are the result of 
two separate methods of working. The first, con¬ 
sisting of intensive collecting and of habitat 
observations from southern Mexico to Panama, 
was undertaken chiefly on the Eastern Pacific 
Zaca Expedition, from December, 1937, through 
March, 1938. Because of the nature of the trip, 
during which a maximum of a week or ten days 
was spent in each bay, and all groups of crabs 
were studied and collected without special refer¬ 
ence to Uca 1 it was impossible to make prolonged 
and detailed observations of fiddler crab habits 
which by their nature require long daily periods 
of observation, preferably in the same locality. 
Therefore, during the five weeks spent in Panama 
during January and February of 1941, attention 
was directed primarily toward filling in the gaps 
in the Zaca habit notes, and only secondarily to 
collecting. 

Observation in Panama was largely confined 
to one small area, a slightly brackish cove at La 
Boca, Balboa. Canal Zone, at the very mouth of 
the Canal. Tnis locality proved to be so rich and 
was so accessible that it seemed wise to concen¬ 
trate study here. However, colors and courtship 
displays were checked in other nearby places, 
including the mud flats at Bellavista, Panama 
City, and at Old Panama, a few miles south 
along the coast. 

It was found that when the same area was 
visited day after day, and hours spent in observa¬ 
tion, the activities of certain individual crabs 
could easily be watched for as much as four 
weeks at a time, individuals being differentiated 
by means of damaged or regenerated claws and 
legs, or scars on the carapace. Since many of the 
crabs at La Boca were, most fortunately, in 
the midst of courting at this time, and since my 
stay was definitely limited, it seemed best to 
make all observations on these crabs while thev 
were in a completely natural condition, although 
there was a temptation to divide my time 
between that type of study and experiments in 
the field of sexual selection, to try to determine 
the actual extent, if any, of the effect of the male's 
color and display in his attraction of a mate. 
However, since controlled experiments to be at 
all significant would have required a great deal 
of time, it seemed better to reserve them for a 
later study, and to limit observation to natural 
reactions, particularly since this field is so little 
explored. 

On both the Zaca Expedition and on the more 
recent trip, a pair of Number 7 Zeiss binoculars 
was constantly used. Although it is true that 
most species will overcome their fear after a few 
minutes and resume their activities more or less 
normally if an observer remains perfectly quiet 
close by, still the slightest motion sends them 
into their burrows again. On the other hand, after 
crabs watched through a binoculars at a distance 
of 12 or 15 feet have once emerged and lost their 
fear, it is possible to move slowly, make notes, 
and switch observation from one individual to 


another without alarming any over a period of 
hours. 

In photographing, a Leica camera was used 
with a 90 mm. telephoto lens at a distance of 
about 20 inches. The camera was attached to a 
focussing device, which in turn was screwed to a 
tilt-top tripod head. The latter was attached to 
a six-inch news-camera hand-holder. The handle 
was thrust through a square of cardboard as far 
as the tripod head, in order to protect the 
camera from sand, and then pushed into the 
muddy sand up to the cardboard. A pencil 
stuck into the ground beside the desired crab hole 
was used as a temporary focussing point. After 
the crab emerged it was often possible, if the 
first exposure was not made for several minutes, 
to release the shutter and wind the film for 
another picture without alarming the crab, pro¬ 
vided that the movements of the fingers were 
exceedingly slow, and hidden as much as possible 
by the camera. In bright sunshine, on the dark 
gray muddy sand of La Boca, an exposure of 
1/60 of a second at F16 on Eastman Super-XX 
film was found to give the most satisfactory 
compromise between speed and depth, although 
even this combination gave, of course, very little 
depth and yet would not stop the motion of the 
large claw when on a downward or upward 
swing. A series of these photographs was found 
to be valuable in showing the relative position 
of the various appendages at a given point in the 
display in the various species, and proved a most 
useful addition and check to repeated visual 
observations. 

Methods of measurements and special terms 
used in the following pages should be defined 
thus: 

1. Length . Measured from most anterior exten¬ 
sion of front to posterior margin of carapace, in 
the longitudinal median line. 

2. Length of palm. In either major or minor 
cheliped, measured from its most proximal origin 
on external side to the gape between the chelae, 
midway between lower base of dactyl and upper 
base of pollex. 

3. Base of palm to tip of pollex. Measured from 
most proximal point of base of palm on external 
side to tip of pollex. 

4. Length of dactyl. Measured from its origin 
on dorsal profile to its most distal projection. 

5. Width of front. Measured between posterior 
margins of bases of eyestalks, as they appear 
when the eyes are lying flat in their sockets. 

6. Major side. The side giving rise to the large 
or major cheliped. 

7. Minor side. The side giving rise to the 
small or minor cheliped. 

8. Eyebrow. As defined by Miss Rathbun 
(1917, p. 375); the intervening space between the 
two margins of the upper part of the orbit; it is 
usually broad, more or less inclined, roughly 
triangular. 

9. Suborbital region. The area between the 
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lower border of the orbit and the pterygostomian 
region. 

10. Grooving of ischium of third maxillipeds. 
This character is best examined with the append¬ 
age held out of liquid, and turned back ana forth 
under a good lens in a strong, oblique light. 

11. Number of spoonAipped hairs on second 
maxilUped, Throughout the following study, 
where the number of spoon-tipped hairs is re¬ 
ferred to, the count given is of those on the merus 
of the second maxilliped only; that is, those 
which occur on the tip of the palp are excluded. 
In those forms with most of the internal (upper) 
surface of the merus lined with these hairs, only 
those individual hairs are counted which project 
beyond the inner margin; the number of rows of 
hairs given, however, is always the total number. 
In all counts, hairs with rudimentary spooned 
tips are disregarded. 

12. Display . The unit of behavior consisting 
of a single wave or gesture with the major 
cheliped along with its associated activities 
(stretching, running, “dancing,” rapping, etc.). 
A number of displays following quickly upon one 
another, with little or no pause between, is 
termed a “series.” 

IV. Ecology. 

A. Habitat. 

In general, the habitat of individual species is 
much restricted; some forms are found only in 
open sun on brackish salt mudflats, others in the 
deep shade among mangrove roots, still others on 
open muddy sand beaches, and so on. A given 
type of terrain may lie exacted to yield certain 
species; a similar but slightly different type only 
a few yards away, supports other forms. Some 
species, however, may inhabit more than one 
kind of environment. The great majority live in 
mud, either on protected tidal flats close to the 
mouths of streams, so that the water is somewhat 
brackish, or on the banks of sluggish streams of 
brackish water. Probably species originally 
migrated from this relatively stable, quiet en¬ 
vironment to fresh water streams on the one hand 
and to open marine beaches on the other. The 
habitats of species in the present collection are 
as follows: 

1. Muddy banks of fresh water streams 
(mostly shaded), 

pygmaea 

zacae 

brevifrons 

mordax 

latimanvs 

2. Muddy banks of brackish streams (mostly 
shaded). 

mordax 

brevifrons 

Umicola 

UUimanus 

3. White clay banks of brackish streams 
(mostly shaded). 

argiUicola 


4. Mud, among mangroves (completely or 
partly shaded). 

zacae 

mordax 

brevifrons 

tomentosa 

umbratila 

inaequalis 

tenuipedis 

batuenta 

crenulata 

5. Mud, among unshaded mangrove shoots. 

insignis 

oerstedi 

batuenta 

6. Tidal mud flats (unshaded). 

princeps 

heteropleura 

sty lifer a 

insignis 

macrodadyla 

oerstedi 

inaequalis (rarely) 
sallitanta 

beebei (near beach) 
galapagensis (?) 
helleri (?) 

7. Protected muddy-sand flats or beaches 
(unshaded). 

princeps 
heteropleura 
stylifera 
insignis 
beebei 

stenodactyla 
deichmanni 
latiman us 
terpsich ores 

8. Marine sandy beaches, among stones. 

panamensis 

There is evidence (set' page I70ff.) for the belief 
that U. princeps , heteropleura and slyhjera spend 
most of their time on mud-flats, but come to 
adjacent sandy-mud beaches to court, since the 
added firmness of the ground would probably be 
a distinct aid to display. 

La Boca: As an example of a particularly and 
surprisingly rich locality for the study of fiddler 
crabs. a small cove on the left bank of the Pacific 
moutn of the Canal is unsurpassed. This cove, 
lying l>etween the Balboa docks and the La 
Boca ferry, and surrounded by piers, motor 
roads and the continuous traffic of the Canal, 
yielded 15 species of Uca m January and Febru¬ 
ary, 1941, in an area not more tnan 600 feet 
square. The total number of individuals in this 
space must have run into the hundreds of 
thousands. Of these species, 12 were actively 
courting. The cove is entirely empty of water 
at low tide, exposing a mud flat and, bounding 
it on two sides, a narrow beach of muddy sand. 
At the inner end, the muddy sand is mixed with 
gravel, and adjoins a small clump of mangroves. 
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The third side, parallel to the Canal, is bounded 
by Pier No. 4* and the fourth side, facing the 
canal mouth and the ferry, is open. The water is 
slightly brackish, because of the overflow from 
the canal locks. The exceptional richness is 
probably due chiefly to the fact that a large 
sewer opens practically into the cove, and that 
garbage from ships is frequently washed up. 
The dissolved organic detritus from these sources 
must greatly enrich the tidal deposits on the mud. 
The fact that these 15 species taken included 5 
hitherto undescribed (although all of them had 
been taken also on the Zaca Expedition, farther 
up the coast) shows how many valuable studies 
are waiting to be made in the tropics, even in the 
most accessible, thickly populated and apparent¬ 
ly unlikely areas. 

The extent to which more than one species 
occupies a given stretch of ground seems to 
depend entirely on the available space and the 
number of individuals it can support, provided 
of course that the terrain is equally suitable for 
the various species. At La Boca, for example, in 
one part of the beach stenodadyla was dominant, 
but mingled with numerous beebei and rare 
stylifera; farther down toward the mud, where 
the ground stayed more moist, were found 
deichmanniy heteropleura , and, dominantly, beebei. 
In the most protected part of the cove, most 
subject to dryness, behind the mangroves, 
latimanus was dominant, with only very few 
terpsichores intermingled; in the gravelly sand 
area, beebei was dominant, mingled with uncom¬ 
mon terpsichores. In less rich areas, the species 
tend to keep separate, there being definite 
boundaries, for example at Corinto, Nicaragua, 
between a large colony of stenodadyla and an 
equally large one of stylifera close by, on ap¬ 
parently identical terrain. 

In crowded colonies, with the feeding ranges of 
individuals much restricted, there are of course 
many more provocations for fighting than in 
uncrowded areas, but it also seems that far more 
toleration has been developed in these individu¬ 
als. Sex obviously is an important if not vital 
factor in argument. Adult males of different 
species and the same or different sizes will 
tolerate each other’s burrows exceedingly close 
together: beebei and stenodadyla have been seen 
living day after day only one and a half inches 
apart, whereas adult males of the same species 
will tolerate each other’s burrows not less than 
tliree inches apart and generally more. Females 
and young crowd closely, likewise, with practi¬ 
cally no argument. 

B. Burrows. 

No special studies were made on the subject of 
burrow digging, except to determine average 
depths and forms for the various species. As was 
to be expected, species on yielding mud had the 
shallowest holes, and large species high up on 
relatively dry muddy sand beaches, or along the 
banks of drying streams, dug deepest. The 
burrows of individuals of the same species varied 
considerably, depending on their location and, 


of course, on the size of the crab. The instinct 
of burrow-making seems least well developed in 
panamensisy which lives on the stone-strewn ends 
of sandy beaches. Very young crabs of all species 
do not dig, but run freely in and out of the 
burrows of adults, both of their own and different 
species, which pay no attention to the small ones 
whatever. For detailed accounts of burrow 
digging, consult especially Pearse (1912), Dem- 
bowski (192C) and Verwey (1930). 

An interesting point is that stylifera and beebei. 
at least, often occupy their burrows for days ana 
even weeks, without changing the location of the 
mouth by so much as half an inch. Contrary to 
Dembowski’s observations on pugilator in cap¬ 
tivity, in all the species observed the crab 
emerged after high tiae, leaving the entire length 
of the burrow free, and frequently did not repair 
or change it at all from one day to the next. The 
crab must simply push its way through the sand 
in emerging, instead of digging himself out in 
such a way that a hole only the size of himself is 
left at the top, as seen by Dembowski. 

Burrows are usually, but not always, plugged 
up before the tide covers them. Females and 
young, especially of latimanvs, which lives at 
La Boca high on the shore, often plug their holes 
with a dome of pellets brought up from below 
for two or three hours around noon on especially 
hot, bright days; later, if the tide is still far out, 
they reemerge and resume feeding. 

C. Feeding. 

The general process of scooping up mud or 
sand with the spooned minor chelipeds, carrying 
it to the mouth, separating the organic particles 
by poorly-understood actions of the mouthparts 
and passing the remaining detritus out at the 
posterior end of the buccal cavity in the form of 
a pellet, has l>een too well stated previously to 
need repetition. The observations of Pearse 
(1912), Monod, and Verwey are the most 
detailed. The method by which the actual sifting 
is done remains as mysterious as ever. 

Every species observed on the west coast 
definitely wiped or clipped off the pellet which 
formed at the posterior part of the buccal cavity 
after between 6 and 16 cheliped-fuls of sand or 
mud liad been conveyed to the mouth, and 
carefully placed the pellet in front or to one side 
of the crab; the only exceptions were a few indi¬ 
viduals observed starting to feed while there was 
still some water on a mudfiat as the tide was 
going out; in these cases the water dissolved and 
carried away the rejected mud. Matthew’s 
statement that U. leptodadyla on the coast of 
Brazil picked up separate organic particles from 
the ground is most interesting; it seems likely 
that there was an error made in observation; the 
same is almost certainly true, as Verwey has 
contended, of Symon’s statement that the re¬ 
jected mud passed out at the front of the buccal 
cavity. Altogether, I have watched at least 20 
species of Uca actually feeding, and in all the 
process is identical, save for three exceptions. 
The first, that of tlea's feeding with the mud 
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slightly underwater, has been noted; the second 
was that of four individuals of brevifrons seen 
feeding on mammalian excrement on the bank 
of a fresh-water stream, several miles from the 
coast, at Port Parker, Costa Rica; the third is the 
practice of panamcnsis of frequently climbing 
upon rocks and scraping off the algae for food 
with its small cheliped, just as do Pachygrapsus 
transversus , Grapsm grapsus , and others. Both 
brevifrons and panamensis, however, also feed in 
the usual fashion of fiddler crabs. Although 
there are doubtless exceptions, like the brevifrons 
mentioned above, and those noted by Pearse 
(1912), fiddlers as a general rule are certainly not 
scavengers: a number of times I have seen 
garbage, dead fish, or a dead bird in all stages of 
freshness and decomposition washed up in a 
colony of fiddlers ana lying untouched in their 
midst, although normally-nocturnal hermit crabs 
were swarming over it. 

The roles played by the various types of minor 
chelae and the various numl>ers of stoned and 
wooly hairs on the second maxillipeds are un¬ 
known; they will be further discussed on pages 
161 to 165. 

D. Fighting. 

The conclusions of most other observers were 
verified that, although brief duels, in which the 
large chelae are interlocked, are frequent, injury 
is exceedingly rare. I have only once seen any 
dismemberment actually take place, and this 
was the extreme tip of a dactyl. However, the 
frequent sight of crabs with similarly or further 
damaged chelae indicates that such mishaps do 
occur now and then, although, of course, it is 
possible that they can also occur in other ways, 
such as by being broken on a stone against the 
side of the burrow, or in escaping from an enemy. 

A definite duelling ritual was followed in all 
except cases of extreme provocation, such as 
pursuit of the same female in U. slenodactyla> in 
which there was no time for preliminaries. 
Usually, however, a duel proceeded as follows: 
Only infrequently w r as a duel preceded by display, 
—i. e., by rhythmic series of beckonings—and 
then never by vigorous display such as was used 
in courting a female. Instead, the combatants 
first prance toward each other, stiff-legged, pat¬ 
ting the ground with the bottom of the great 
palms and claws, as though in challenge. Then 
both lunge and feint a few times, with the back 
and sides of the semi-flexed chelipeds, which meet 
in audible clicks. At last, after several or half a 
dozen such parries, they proceed to the last step 
and interlock claws. This last movement is 
always undertaken warily, since there is always 
danger that the nipper may be damaged or 
wrenched off. Then, the claws locked, the crabs 
lunge in turn, pushing each other back and forth, 
first one and then the other sinking down and 
back until his shell often actually touches the 
ground. Usually this continues until the weaker 
breaks away and runs for his hole; occasionally 
he is somersaulted backward with a flip of his 
opponent’s claw; often the larger simply stops 


fighting and moves off without there being any 
decision. Most duels last only a few seconds; the 
record was 25 minutes (see p. 160). Sometimes, 
as has been observed by others, the weaker is 
pushed down his own hole, where he uses his 
large claw to stop up the opening, for a few 
minutes, apparently to prevent the entry of his 
antagonist. 

The provocation for a fight is usually either 
poaching on the territory of another male, or 
courting of the same female. Sometimes, how¬ 
ever, there is no stimulus apparent for the most 
spirited encounters; until some better explanation 
is found, these must be laid to sheer excess 
energy, probably associated with the condition 
of the glands in the breeding season, or may 
simply be termed sport (see p. 159). 

E. Crippled Crabs. 

Several instances have been observed where 
crabs with badly damaged chelae, with the 
cheliped completely missing, or with more than 
two ambulatories missing, were definitely bullied 
by other crabs. In each of these cases the cripple 
was repeatedly driven down his hole by one of 
his neighbors. Once a normal male U. beebei kept 
watch for at least several hours over an injured 
neighbor, the burrow of which was a foot away, 
well beyond the feeding ground of the normal 
crab. Every time the cripple emerged the 
neighbor would stop his own feeding or courting, 
run over and struggle until the cripple retired to 
his hole, after which the normal crab would push 
sand in after him and stamp it down until no 
trace of the burrow was left. Each time the 
cripple emerged the routine was repeated. No 
attempt appeared to be made actually to harm 
the crab or to follow him down his hole. 

Many crabs with claws in various stages of 
regeneration, however, seemed to carry on com¬ 
pletely normal lives. Twice I have seen crabs 
witli the minor cheliped missing which were 
eating awkwardly, but with apparent success, 
with the major cheliped. I have not yet observed 
a male without the major cheliped temporarily 
mistaken for a female as described by Verwey. 
For a case of a male courting with a half-regen¬ 
erated claw, see p. 155. 

F. Display, Coloration and Shelter-Building: 

Their Relation to Courtship. 

For more than a humlred years the sexual 
dimorphism of fiddler crabs, the function of the 
waving of the large claw in the air, the frequently 
brilliant color of the large claw and the possible 
significance of all these factors in regard to sexual 
selection, have become matters of increasing 
interest and controversy to students both of 
Crustacea and of general evolution. The opinions 
of the principal workers in the field may be 
briefly summarized as follows: The earliest— 
Mailer (1869, 1881), Darwin (1871 > and Alcock 
(1892, 1902)—were convinced that both waving 
and bright colors played a definite part in court¬ 
ship, that females recognized males in this fashion 
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and appreciated the display, which gave to color 
and activity a vital role in sexual selection, 
Pearse (1912, 1914.1, 1914.2) accepted the con¬ 
clusion that the males danced around the females 
in order to attract their attention, but was not 
convinced that the females were tnus attracted, 
or that the colors had anything to do with sexual 
selection. Symons (1920), Johnson & Snook 
(1927), Beebe (1928) and Matthews (1930) added 
brief observations on various species which 
showed that males were sometimes definitely 
stimulated by females to increased waving 
activity and special behavior. And, finally. 
Verwey (1930) and Hediger (1933, 1934) denied 
that the waving had anything whatever to do 
with courtship, declaring that it was carried on 
instead solely to designate the possession of a 
hole, and limitation of the surrounding feeding 
area. 

After concentrated observation in Panama 
during the breeding season of a dozen species 
living in a single restricted area, I am convinced 
that the truth lies somewhere near the middle of 
these extremes of conflicting opinions. Waving, 
as in other crabs, is certainly carried on some of 
the time as a warning to other males and to de¬ 
limit territory in some (but not in all) species of 
Uca. On the other hand, in many, if not in all 
species, waving definitely plays a large part in 
courtship and, in one species at least ( latimanus ), 
is apparently carried on only by courting males. 

In regard to the importance of color in waving, 
I cannot draw definite conclusions until further 
studies have been carried out. These must in¬ 
clude experiments in artificial coloration as well 
as many more observations on the natural be¬ 
havior of the crabs. However, it seems certain 
that color and motion are correlated in display, 
although color is perhaps the less important of 
the two aspects. This subject will be further 
discussed later (pp. 154 to 159). 

Display Activity: A comparison of the observa¬ 
tions of the authorities listed above shows that 
among different species there are certain varia¬ 
tions in the activities accompanying waving. 
Studies on Philippine fiddlers by Pearse (1912) 
show that in one or more species the males dance 
around the female, shoeing only their backs to 
her, bo that the great chelae could not be seen 
by the females, which usually paid no attention 
ta the males in any case. Sometimes the males 
held statuesque poses, the chelipeds upraised or 
outspread for minutes at a time; the females 
often were, surprisingly, more brightly colored 
than males of tneir own species. Pearse states, 
however, that his observations were not made 
during the breeding season, and season should 
doubtless be held a most important factor in all 
studies of display and coloration among these 
crabs. 

Alcock, reporting on annidipes in Ceylon, 
Symons on an unidentified Uca on the same 
island, Johnson & Snook on crenulata in Cali¬ 
fornia and Matthews on leptodadyla in Brazil, all 
reported that the males of these particular 
species were galvanized to more active waving 


by the appearance or presence of females. 
Johnson & Snook stated definitely that this 
reaction took place during the breeding; season, 
and that crabs did not wave in captivity, al¬ 
though they carried on all other normal daily 
activities. 

Beebe, observing mordax in Haiti, found that 
certain females stimulated the males to intensified 
waving, which consisted of “a beckoning in five 
jerks, the last of which almost threw the crab 
over on its back; the difference between this 
gesture of the right hand of passionate fellowship 
and that of shaking the fist in the face of any 
passing male was hardly to be discerned. In the 
case of courtship the fiddler would often freeze 
into a statuesque pose for three or four minutes 
at a time/ 1 

Swartze & Safir observing pugilator in Massa¬ 
chusetts, and Hediger studying tangeri in Moroc¬ 
co, agreed that the crabs waved at the rate of 
once every two seconds; pugilator varied simple 
waving with statuesque poses according to 
Pearse (1914.1) such as those in mordax and some 
of the Philippine crabs (Pearse, 1912). Hediger 
mentions no posing in tangeri, however, but 
refers to the elevation of the whole body which 
sometimes accompanies beckoning. 

Verwey, in his study of Uca in Java, reported 
that signata in waving, stretched hign up and 
sank back, sometimes shaking all over. This 
species, according to the same author, when 
captured as well as when in the field, waved 
threateningly at both males and females, though 
apparently not so forcefully at the latter sex. 
Although Verwey witnessed no copulations, he 
saw males approach and cover females from 
behind, giving the females no opportunity to 
recognize, much less be attracted, by the male in 
question. He was apparently present during the 
breeding season, since he has a number of records 
concerning the abundance of ovigerous females 
on various dates. 

The observations summarized above show that 
waving, whether or not the observer admits its 
being used in courtship, is often accompanied or 
varied by the following activities; (1) bv statu¬ 
esque posing with the arm outstretched or up¬ 
raised, (2) bv shaking of the entire body, (3) by 
elevation of the body with each beckoning 
gesture, (4) by “dancing” around the females, 
and (5) by increase of tempo in the presence of 
females. 

My own observations show that the last 
characteristic of accelerated waving is the only 
one which is characteristic of most species in 
display. In Panama, each of the species studied 
combined with waving variations of one or more 
of these five and other activities. In fact, each 
species proved to have a definite , individual display , 
differing so markedly from that of every other 
species observed , that closely related species could be 
recognized at a distance merely by the form of the 
display . Furthermore , related species had funda¬ 
mental similarities of display in common , and 
series of species , showing progressive specialization 
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of structure, in general showed similar progression 
in display . 

At La Boca, Balboa, Canal Zone, the court¬ 
ships of twelve species were studied in consider¬ 
able detail. These twelve are divided into three 
groups, each composed of more or less closely 
related species. The first (“Group 1,” p. 165) 
consists of princeps, heteropleura and stylifera; the 
second (“ Group 4,” p. 166) of oerstedi, inaequalis, 
batuenta and saltitanta; the third (“Group 5,” p. 
166) of beebei, stenodactyla. deichmanni, lalimanus 
and terpsichores. In this last group the first two 
and the last three form definite subgroups. 

The display of a thirteenth species, panamensis, 
was seen only once, and on this occasion the 
crabs were apparently not displaying fully; 
hence it is omitted from this summary, but 
described on p. 204. 

The basic element in all fiddler display is, of 
course, “waving” or “beckoning” with the 
major cheliped. In its simplest form this con¬ 
sists of unflexing the manus and chelae from the 
resting position in front of the mouth, by move¬ 
ments of the ischium, merus, and, perhaps, 
carpus, which elevate the distal elements 
diagonally over the head; they are usually 
lowered at once, without a pause, often with a 
jerk, in the same plane to the original position. 
The variations of this simple beckoning gesture 
and its accompaniments in the twelve species 
listed above are as follows: 

1. Beckoning or Waving: a. Three of the four 
crabs of the second group hold in common a 
special sort of cheliped motion: After the usual 
beckoning, the cheliped is brought to the ground, 
flexed, more or less in front of its usual rest 
position, and is then bounced back into place 
with three or four raps of the ground; this 
additional action is added to the regular display 
occasionally in inaequalis, often in batuenta and 
always in saltitanta. In the latter species the 
cheliped is bounced vigorously almost in place, 
since only rarely docs it fall in front of its normal 
rest position. In physical characteristics also 
these three species show progressively greater 
specialization. 

b. 17. dcichmanni holds the cheliped for an 
instant at the highest point of its reach, then 
lowers it into position and raises it again without 
a pause, so that the accent comes at the peak of 
its stretch, instead of in the flexed rest position. 

c. U. lalimanus makes a somewhat circular 
gesture in beckoning. To a lesser degree this is 
occasionally true of other species. 

d. U. terpsichores starts display with the manus 
and dactyl of the large cheliped half unflexed, 
pointing straight out in front of the crab. 

e. The rate of display when the crab is not 
specially excited varies among species from two or 
more gestures to the second with no pause be¬ 
tween them (saltitanta. beebei, deichmanni and 
terpsichores ) to one ana a halt to three seconds 
being required for every display, including both 
the gesture and the pause following it (princeps, 
oerstedi , inaequalis} Both slow and fast displays 


occur in all groups, without relation to the 
degree of specialization. 

Usually a more or less definite number of dis¬ 
plays is made in a series when a given species is 
displaying fully, each series being followed by a 
rest of seconds or minutes. The most tireless so 
far observed is saltitanta , which frequently dis¬ 
plays, at the rate of two gestures to the second, 
for upwards of one hundred at a time without an 
Instant'8 pause. After a rest of several seconds 
another equallv long series will be commenced, 
and the procedure may continue, without inter¬ 
ruption for true rest or feeding, for at least an 
hour. On the other hand, in every species display 
is often casual, half-hearted and punctuated by 
feeding. 

2. Elevation of Body during Beckoning: As in 
tangeri, the body is elevated and depressed during 
each beckoning by princeps , heteropleura , styli¬ 
fera (sometimes), inaequalis , batuenta , saltitanta 
and deichmanni . The other five species hold it 
consistently high during a series of displays. 
In elevation, the crab stretches to tip-toe with 
the raising of the cheliped, and sinks into position 
when it is lowered. U. heteropleura carries this 
habit to the greatest extreme, stretching so high 
that only the tips of the two middle pairs of 
ambulatories remain on the ground. U. stylifera 
sometimes stretches the two front ambulatories, 
elevating the anterior part of the carapace, and 
simultaneously flexing the posterior legs, so that 
the rear part of the body is lowered daring a 
display; this variation does not depend on the 
added stimulus of a female, but may be inserted 
in the midst of a series of displays, or an entire 
intcr-tidal period may be devoted to this variety. 
Species which elevate and depress the carapace 
during each display occur in all three groups. 

3. Position of Chelae: The chelae of both major 
and minor chelipeds are usually held slightly open 
and parallel during a series of displays; some¬ 
times, however (especially in batuenta and salti¬ 
tanta) they are opened and closed with every 
display—oj>ening wide on the upward swing of 
the large cheliped and closing on its descent. 

4. Motion of Minor Chdiped: Often the minor 
cheliped is moved in a feeble imitation of the 
beckoning or outward spreading of that of the 
major. This is generally true of princeps, hetero¬ 
pleura, and terpsichores, and true under condi¬ 
tions of excitement in other species. 

5. Some species remain in one spot during 
display, notably hcteropleura, which stretches up 
on its two middle pairs of ambulatories. More, 
however, usually take several steps to one side or 
the other with each elevation of the cheliped; in 
a given series of displays, they usually move 
several times in the same direction, then back to 
the starting point beside the hole; or with one 
gesture they may move to the right, with the 
next to the left. There is considerable leeway of 
behavior within a species in this activity, and 
individuals show similar variation in their be¬ 
havior from hour to hour or day to day. U. 
oerstedi tends to move right around its hole, 
facing always outward, when the attention of a 
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female is not involved, during a series of displays. 
In the highly specialized courtship of stenodactyla y 
the males chase the females with the arm out¬ 
stretched, motionless, or held overhead. If they 
can manage to approach a female closely enough, 
they surround her loosely with the cheliped, ana 
race with her over the beach, apparently trying 
to maneuver her to their holes (for details see 
p. 196). 

6. Revolution: The only instances I saw of a 
crab dancing with his back to a female were all 
performed by individuals of a single species, 
beebei, In this crab the anterior part of the 
carapace is a brilliant iridescent green, the cheli¬ 
ped chiefly rose, ochre and plum-colored, the 
anterior parts of the ambulatory meri magenta. 
Males of this species in a numl>er of cases almost 
always revolved before females whose attention 
they had captured. The color of the carapace in 
this relatively dull form was certainly to human 
eyes at least as striking as that of the cheliped, 
and the combination most effective. 

7. Special Effects Reserved for Later Stages of 
Courtship: The usual acceleration in tempo of 
display during active courtship of interested or 
potentially interested females has already been 
noted. In addition, special actions, highly 
characteristic specifically, may be observed in 
the later stages of courtship. Probably many 
more will be added to the following list when the 
complete courtship of each species is known. 

a. U. oerstedi, when actively courting a female, 
vibrates the brilliant blue anterior ambulatories 
when the chelipeds are outstretched. 

b. U. saltitanta, when convinced that a female 
is ready to follow him down his burrow, pauses 
halfway down its mouth, extends the ambula¬ 
tories of the major side rigidly in the air and 
vibrates them rapidly. 

c. U. Jatimanus vibrates the minor cheliped 
rapidly when displaying before an interested 
female. U, stenodadyla y when pursuing a female, 
extends this appendage stiffly outward, the 
chelae vide open, corresponding roughly to the 
gesture made with the large cheliped at this time. 

d. U. terpsichores sometimes adopts the statu¬ 
esque pose previously noted in Philippine species 
(Pearse, 1912), in pugilaior (Pearse, 1914.1) and 
mordax (Beebe, 1928), standing before a female 
for seconds at a time with the major cheliped 
spread out rigidly sideways; this pose in the 
present species is never held longer than a minute. 
U. stenodadyla extends the major chelii>ed simi¬ 
larly, either sideways or upward, when chasing 
females. 

e. Special steps with the ambulatories, giving 
the effect of a definite dance, are taken in the last 
stages of courtship by two quite unrelated 
species, stylifera ana terpsichores, 

f. Mutual stroking of legs and carapaces with 
the ambulatories by both male and female took 
place in the final part of courtship in all three 
species in which copulation was observed, namely 
stylifera , beebei ana stenodactyla . In each case the 
male instigated the stroking and was by far the 
more active partner. 


8. Use of Special Display Ground: All species, 
when courting, in general lceep the ground sur¬ 
rounding their holes well packed down and free 
of feeding pellets, but saltilanta y which lives and 
displays on the stickiest, dampest mud flats, 
whenever possible mounts to the summit of a 
nearby elevation, sometimes a dozen times his 
own height, in order to display. 

9. Although particular attention was given, no 
hint was seen of the use of antennae, ocular 
stylets (in heteropleura and stylifera) or of stimu¬ 
lating ridges (in terpsichores and allies) in display. 

Coloration: As has been repeatedly noticed, the 
adult males in the genus Uca are frequently 
brilliantly colored, especially in regard to their 
large cheliped. The females and young on the 
other hand are relatively dull, being usually 
brown or gray, often spotted or mottled with 
darker or lighter. Pearse (1912) alone has re¬ 
marked that “at Manila the female fiddlers often 
were, to the human eye, more brightly colored 
than males of their own species, and the female’s 
bright colors were on her back and legs so that 
they could readily be seen by a male dancing 
behind her, but she did no dancing/’ As the 
author remarked, his observations were not made 
during the breeding season. 

Muller, observing a species of Uca in Brazil, 
was apparently the first to notice color change in 
the field, of which no further accounts seem to 
have appeared until the present study. 3 His 
summary (1881, p. 472) is as follows: “When it 
(the fiddler) runs from its moist burrow into the 
sunlight the entire splendor of its nuptial clothes 
develops; as soon as one catches it, the pure 
wliite, the light green, which decorate its claws, 
begin to lose their luster and change in a few 
minutes into uniform gray,” The present author, 
unfamiliar with the above reference when making 
observations in Panama, found exactly similar 

* The interesting observations made on Atlantic 
fiddler crabs from which the oyestalks have boon romovod 
ate not directly relevant to the presont study, since all 
were made under extremely unnatural lal>oratory con¬ 
ditions. The most recent summary (1940) of Abramo- 
witz & Abramowitz indicates tlrnt eyestalk removal 
brings about loss of pigment, accelerates moulting, 
increases the death-rate in moulting and results in 
gigantism. The authors also insert the following remarks 
(p. 187) without further elaboration, regarding the 
breeding of V. pugllcAor in captivity: “Uca breeds during 
September, as indicated by the appearance of large 
masses of eggs, copulation and final shedding of the eggs. 
Animals without eyestalks have been observed to copu¬ 
late and shed their eggs. However, such animals were 
blinded for only a few weeks before the onset of the 
breeding season, and thus sufficient time may not have 
elapsed for any effect on reproduction to take place. 
This is worth investigation, however, for as yet no endo¬ 
crine influence on the reproductive system of crustaceans 
has been demonstrated/' Brown concluded ( 1940 ) that 
the source of the chromatophorotrophic substance of 
the crustacean eyestalk, including that of Uca t is the 
sinus gland. Kleinholz Bourquin ( 1941 ), however, 
state that not all of the conclusions of the above-men¬ 
tioned investigators are yet proved, due to various details 
of the technique employed in the experiments, and of 
laboratory conditions involved. 
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conditions in all of the crabs which were known 
to be courting. Two of the most striking illustra¬ 
tions will be summarized here and are typical of 
the rest. 

Only adult males and females of stylifera were 
found on the relatively firm muddy sand shore 
above the mud flats at La Boca, They occurred 
there in increasing numbers throughout Febru¬ 
ary, and it seemed likely that they migrated 
from the soft, damp flats to court on the dryer 
ground. ( U . saltitanta and others, however, 
manage to keep clean and carry on a strenuous 
display in the midst of the mud-flats.) Courting 
males of stylifera, after emergence in the morning, 
changed from dull gray with the major cheliped 
chiefly brownish or yellowish, to pure white with 
the major cheliped orange, yellow, pink and white 
and the ambulatories bright purple. There was a 
brief intermediate phase where the carapace was 
brilliant yellow instead of white. It appeared 
that for the first one to tliree days an individual 
male was on the beach, and before he was dis¬ 
playing fully, the carapace brightened daily only 
to this yellow phase. 

A male stylifera which coaxed a female, after 
prolonged courtship, to follow him down his hole, 
promptly enlarged it, then stopped it up with 
both of them inside, and remained with her there 
until the following low tide. The next day the 
male was in poor coloration and did not display. 
The female had vanished. 

The courtship of a male of this species with the 
major cheliped in process of regeneration and 
only half size was observed throughout three 
weeks. Although otherwise normally colored— 
with dazzling white carapace and the legs purple 
—the regenerated member changed daily from 
drab gray brown to perfectly white, like the 
carapace, instead of yellow, orange and pink. 
This individual courted two females impartially 
for days until one moved away; he then paid all 
his attention to the other; I never saw copulation 
take place, nor saw either female attracted to his 
hole, but both often allowed him to approach and 
stroke them at the edges of their holes. I never, 
however, saw them stroke him in return, as in a 
consummated courtship between a normal male 
and female. For further details concerning this 
species, see p. 171. 

The other most striking example of color 
change occurred in laiimanus . The females, 
young and non-courting males, no matter how 
large, as well as males newly emerged from their 
holes after high tide, were similarly colored, the 
carapace being brown with gold spots and the 
ambulatories brown banded with dark; in the 
case of the males the large cheliped was dull 
chestnut brown. In these crabs it was a stricter 
rule than in any other species that only displaying 
males changed color daily, and conversely that 
all males which changed color displayed; finally, 
all of these and only these, built shelters (see p. 
157). In the displaying males, the carapace each 
day, after feeding, during shelter building, and 
before display started, became pure white, the 
major cheliped chiefly bright orange, and the 
anterior sides of the ambulatory men plum red. 


the Genus Uca 

In this species the display-color-change-build¬ 
ing cycle was definitely under tidal influence. 
When first observed, on the last three days of 
January and the first two of February, during 
the spring tides of new moon, practically all the 
males high on the beach, with holes covered with 
water only during the highest tides, were dis¬ 
playing, while none of those lower down were do¬ 
ing anything save feeding and repairing their 
holes Among this latter group not so much as a 
single waving movement was seen, although full 
grown males were as numerous as near the high 
water line. Similarly, in contrast to the upper 
group, males and females paid no attention to 
each other and I did not see a single fight go be¬ 
yond the stage where the owner of a hole moved 
menacingly toward a trespasser, his cheliped 
thrust forward, without waving; in each of these 
few cases the threatened crab moved off promptly. 
In the following days of neap tides, when the 
water did not reach the upper part of the beach, 
the members of the upper colony remained in 
their burrows, six inches to a foot underground, 
for eight days (February 3-11). Wlien dug up 
they api>eared to be in a partial coma, and did 
not try to escape for half an hour or more. 
During the succeeding spring tides of full moon 
these upper colony crabs reemerged, repaired 
their burrows and fed, but only a single individual 
on a single day displayed, changed color and 
built a shelter during the entire period. They 
again remained in their burrows during neap 
tide, reemerging during new moon around Feb¬ 
ruary 25. Again there was no display. On the 
lower part of tlie beach, at this new moon period, 
however, a wave of display, color change, 
shelter building, mutual interest between the 
sexes and duelling, swept over the colony, ex¬ 
actly as it had four weeks previously higher on 
the beach. Observation unfortunately had to 
stop wliile this second courting wave was at its 
height. No actual copulations were seen, but 
several times females were observed to follow 
males down their holes, after watching long dis¬ 
plays, and many more abortive courtships were 
observed, in which the female lost interest and 
moved away. (Sec also p. 157.) 

In both these species, stylifera and laiimanus , 
as well as in the others which changed less 
spectacularly, the display coloration was swiftly 
lost when the crabs were captured. The time 
required daily for the assumption of courtship 
coloration varied in different individuals and, to 
a lesser extent, in the same individuals on differ¬ 
ent days. One of the swiftest to change after 
emergence in the morning was stylifera which, on 
brilliant days, l>ecamc fully colored within 15 
minutes or less; one of the slowest was latimanus , 
which sometimes required two hours or more. 
The slowness is probably explained by the fact 
that latimanus always built a shelter before dis¬ 
playing, which necessitated its coming in contact 
with the damp sand and, apparently, dryness 
and sunlight are almost equally important in 
effecting color change; however, no experiments 
have as yet been conducted on this subject. 
Females, young, and non-courting males also 
brighten somewhat after emergence, but the 
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brightening consists only of emphasis of the 
prevailing drab colors, and is probably due as 
much to drying off as to exposure to light. 

One of the most interesting aspects of display 
is the fact that ten of the twelve species studied 
show brilliant colors on the anterior side of the 
merus of the first three pairs of ambulatories, 
areas which can be seen only when the chelipeds 
are widespread in display. Another point has 
already been mentioned, namely, that in beebei, 
a relatively dull-colored form, almost the 
brightest portion is its iridescent green carapace: 
this species alone was observed to revolve in 
front of the female before which it was displaying; 
it is noteworthy that the ambulatory meri were 
as brilliant posteriorly as anteriorly. 

The display coloration of the males of various 
species as far as known may be simplified and 
summarized in the following table. For the 
species in each group refer to pp. 165ff. 


inanus and terpsichores —have the most arresting 
coloration, m which dazzling white pl&yB an 
important part: in all except stenodactyla, which 
is brilliant blue in front, white or pinkish-white 
behind, the carapace is completely white, terpsi¬ 
chores is white except for the cheliped, and 
soltitanta is altogether white. (It is in the two 
latter species alone that the anterior ambulatory 
meri are not specially colored.) In all of the 
above species, too, the displays are more highly 
organized. 

Copulation: Actual copulation was observed 
in stylifera , beebei and stenodactyla , a total of five 
times. In each case it was similar, taking place 
at the mouth of the female’s hole after a more or 
less prolonged and intense display which some¬ 
times, apparently, lasted for days between the 
same two individuals, subject to innumerable 
interruptions by the hesitation and frequent 
withdrawal of the females as much as by alarms 


Courtship Color 
Carapace 


Cheliped 


Ambulatories 


Anterior side of ambu¬ 
latory meri 


Buccal & pterygosto- 
mian regions 


Group 1 
Gray or white 


Purple, orange, yellow 
and white in each 


Gray or purple 


Major side salmon or¬ 
ange, minor side white 


White 


Group 4 

Purple, brown-and-white 
or white 


Purple-and-blue, brown- 
and-white, or white 


Purple-and-blue, brown- 
and-white or white 

Peacock blue, purple, 
pinkish, white 


Turquoise, brown, white 


Group 5 

a. Iridescent green, or iri¬ 
descent blue and white 

b. Gray or white 

a. Purple-and ochre or 
pink-and-white 

b. Each many shaded, 
orange through magenta 

a. Gray or red 

b. Gray or white 

a. Purple-and white, or 
scarlet 

b. Yellowish, plum red, 
white 

a. Green-brown, white 

b. Blue-and-green or white 


Group 1 is, in regard to color as in physical 
form, the most homogeneous; the other two vary 
considerably in the different species. No group 
is characterized by colors* specially confined to 
them. One of the most outstanding traits of 
coloration is the prevalence of white carapaces, 
which are found in all three groups, in a total of 
six species, although one of these six has the 
anterior portion bright blue. Often these species 
go through a phase of bright or dull yellow, or of 
ochre-streaks, before assuming the pure white. 
The phase before the yellow is usually dull gray. 
The gray carapaces found in princeps and 
deichmanm, the close relations of which display 
in white, may be evidence of relatively low 
development of color in these two species, cor¬ 
responding to their relative lack of specialization 
within their respective groups. Possibly, how¬ 
ever. none of the numerous specimens observed 
displaying was in full coloration: the examples of 
princeps were all small, around 15 mm. in length, 
although they acted in every way like adults. 

In the twelve species studied it is interesting 
that the most liighly specialized forms in each 
group—e. g. stylifera, sdtitanta, stenodactyla, loti - 


from birds. Each copulation witnessed was pre¬ 
ceded by mutual stroking of the legs and carapace 
with the ambulatories. The position was exactly 
similar to that illustrated by Pearse (1914.1) for 
pugilator in the laboratory. The two crabs faced 
each other, sternum to sternum, abdomens bent 
back, that of the male inside that of the female, the 
anterior ambulatories of each grasping each other 
around the body, the female with her ]x>sterior 
three pairs on the ground, supporting most of the 
weight of both. The chelipeds of the male rested 
above the female, the minor lying lightly on her 
carapace behind, or sometimes on top of, her eye, 


flexed and perfectly quiet. The two remained to¬ 
gether, quivering at first then quiet, for a very 
short time, up to three minutes; then the female 
would very gently disengage herself and slip down 
her hole, which she soon closed up, regardless of 
the position of the tide. In at least one instance, 
the male definitely stood guard over it afterward 
and warned off other males, without waving the 
cheliped rhythmically. 


In heteropleura, stylifera, soltitanta , beebei, 
stenodactyla, latimanus and terpsichores, females 
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were seen to follow males, after vigorous display, 
down the holes of the males, remaining for any¬ 
where from a few seconds to at least until the 
next low tide, since they did not emerge before 
the tide covered the holes. Always, during 
courtship, the male appeared to employ inex¬ 
haustible patience and gentleness except in two 
cases involving princeps , when two males of this 
species, on different dates, displayed briefly, then 
crept up on indifferent females from behind and 
tried, unsuccessfully, to drag them over to their 
(the males’) holes. 

It is probable that copulation usually takes 
place in the burrow of the male, but that when 
the female has been brought to the proper pitch 
of excitement at the mouth of her own nole, 
copulation takes place there, since her burrow is 
usually too small m diameter to receive the male. 
Provision for safety from birds and lack of inter¬ 
ruption would seem to encourage copulation in 
the hole of the male, but the difficulty experienced 
by the males in arousing the females would 
explain the occasional surface pairings. 

Pearse’s observation that copulating females 
are hard-shelled was supported by my own 
ol>servations. For further details of pairing, see 
below and pp. 173,193,196. 

Shelter Building: In 1873 Verrill reported that 
specimens of minax built “ovens” above their 
holes. Matthews, working in Brazil on leptodac - 
iyla , made a similar observation. He described 
the method of building very accurately, his obser¬ 
vations checking with my own made in Panama on 
beebei , laiimanus and terpsichores. He attributed 
to the “hoods,” however, the function of keeping 
the burrows from drying out in the hot sun. What¬ 
ever their function—which I have not yet dis¬ 
covered—it cannot l>e this, for it is only courting 
males that build shelters; the shorter burrows of 
the smaller females and young surely need protec¬ 
tion far more than those of large males, yet this 
device is never used by them; instead, when the 
sun becomes too hot for them they use a simple 
plug to close their burrows, or push up material 
from below. 

Of the three Pacific forms which were seen to 
build shelters, the instinct is least developed in 
beebeiy best in terpsichores. In the first case the 
form of the shelters varies from little more than 
a pillar of sand beside the hole to a fairly well 
arched hood, little higher than the builder; also, 
it is not built by all displaying males, and is not 
necessary to win a female, since in the case of 
one of the two copulations witnessed in this 
species, the male had no shelter; in the other 
there was a well built shelter which played no 
apparent part in courtship. In laiimanus a well 
formed shelter is always built by every displaying 
male. In terpsichores on the other hand the shelter 
is the best formed of all, and relatively the largest, 
tut it is not built by every displaying male; 
however, the breeding season was waxing in this 
species when I left, and increasing numbers of 
shelters were being built every day. Incidentally, 
terpsichores and laiimanus are closely related, 
and beebei more distantly, but all belong to the 


same group of highly specialized crabs, all of 
which are adapted for life on relatively firm, dry 
ground. Only beebei occurs on mud-flats as well 
as on muddy-sand beaches; in the mud-living 
individuals, the building of shelters is more 
spasmodic and unsuccessful than ever; the very 
nature of the serai-liquid mud would make the 
erection of a well-arched shelter almost an 
impossibility. 

This mysterious habit of building is probably 
a special development of the practice of stopping 
up the hole with a plug before the tide covers it. 
(Incidentally, this latter practice in the Pacific 
species studied is very casual, being rather 
frequently omitted by individuals in each species 
without any apparent reason). In making the 
shelter, as in plugging up the hole, the legs of the 
major side are used m scraping up and carrying 
the sand, and patting it into place, the crab 
always working from the underside of tne growing 
half-dome. This method is in direct contrast to 
that employed in hole digging, when the minor 
side is invariably employed. It would seem that 
there is a distinct waste of effort when the crab, 
as often happens, first repairs his burrow, dump¬ 
ing the loads of sand several inches from the 
hole, and then builds the shelter, scraping the 
sand from a similar distance, but never using 
excavated, already loosened, damp sand for 
this purpose. The separate origin of the two 
activities explains this lack of correlation. For 
further details on the building activities of the 
several species see pp. 194, 203. On p. 196 is an 
account of equally inexplicable wall-building in 
mature females of stenodactyla. 

Behavior of Females during Courtship: As has 
been said, the role of the female, until the final 
stages of courtship, is one of complete indifference 
or definite retreat. Each male must display for 
long periods daily in the hope of attracting the 
attention of a single female sufficiently to make 
her pause in eating or passing, and watch him. 
Once this is accomplished, courtship may pro¬ 
ceed a dozen times a day to the point where 
copulation is about to take place, only to have 
the approach of a bird, or, even more frequently, 
the recurrent withdrawal of the female—often 
accompanied by the abnormally early plugging 
of her hole for the day—interrupt the courtship. 
The latter is resumed only after a repetition of 
lengthy preliminaries. In the cases observed 
where females either followed males down their 
holes, or mated with them on the surface, the 
successful male was sometimes only moderately 
large and brightly colored, compared with the 
most spectacular in size and color of the same 
species. 

How females, all so similarly formed and in¬ 
conspicuously colored, are recognized by males 
of their own species in mixed and crowded 
colonies remains a major mystery. Beebe ob¬ 
served a phenomenon in mordax which was also 
frequently apparent in various species in Panama, 
namely that a particular female often had the 
power to stimulate any number of males to 
violent display, merely by ceasing fur an instant 
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to feed, or by emerging from her hole, or wander¬ 
ing a few inches from her usual position, whereas 
other individuals, equally large and of identical 
coloration, attracted little or no attention from 
the same males at the same time. For the 
behavior of stenodactyla when pursued by males, 
see p. 196. 

Origin of Display and Comparison: Little work 
has been done on courtship and mating in other 
groups of crabs. The principal study is that by 
Chidester (1911), who found that sex discrimina¬ 
tion is tactual in Callinecies f Cancer , Carcinus 
and Platyonychus. In Uca it is certainly not 
tactual, but instead largely or completely visual. 
As in Chidestor's examples, however, once a 
female has permitted a male to touch her—except 
in the case of females pursued and encircled by 
male stenodactyla —the female is not passive in 
the movements preceding copulation. 

Hediger (1934), although ho does not think 
that waving of the large cheliped has anytliing 
to do with courtship, nevertheless presents a most 
sensible theory of its origin: “It is clear that the 
lifting of the chelae originated as a preparatory 
fighting motion (compare with other crabs), 
which as in many other cases, l>ecame only a 
threatening gesture, then was developed and 
transformed in this group into the signalling 
motion.” 

From my own observations, it appears that 
waving may be carried on throughout the year 
by many species of fiddlers, especially, perhaps, 
by the less highly specialized forms, as a purely 
threatening gesture, warning encroaching crabs 
away from a chosen feeding ground surrounding 
the hole. This type of display is relatively 
phlegmatic—unless an actual fight is imminent— 
and is often carried on with a perfunctory air 
while the minor cheliped is engaged m feeding. 
During the breeding season, however, the tempo 
of waving is greatly accelerated, and the activity 
is now devoted chiefly to the end of attracting 
females. Slow-waving-cww-feeding periods still 
occur at this time, a habit which obviously 
enables a crab to advertise himself to females 
which might pass him unnoticing, if he did not 
wave while lie ate. The function of waving in 
warning off males at this time also seems definite¬ 
ly connected with courtship in most cases, since 
the females in a given territory are perhaps more 
or less consciously preempted by the male. 
At least during the breeding season, when most 
of my observations were made, no male was ever 
seen to attack any except adult or nearly adult 
males; females and young came and went as they 
pleased, and there was far greater toleration 
between males of different species than between 
those of the same kind. Also, in a number of 
forms—especially in stenodactyla —females have 
been seen very definitely to be the cause of duels 
between males. 

The conclusions of Verwey and Hediger, that 
waving has nothing to do with courtship, may 
be explained by the fact that courtship display 
may prove to be poorly developed in signata and 
tangeri , while their property sense is strong. On 


the other hand, it may bo that neither of these 
observers witnessed actual courtships in mid- 
breeding season. The latter explanation is per¬ 
fectly possible, even though verwey, at least, 
must have spent a great deal of time in observa¬ 
tion: in Panama I had to wait days to see proof 
in certain species that males were actually 
stimulated to energetic display by interested or 
potentially interested females, and that the 
females without question paid attention and were 
influenced to receptivity by the display activities, 
marked by waving, of the males. 

In other sections of the animal kingdom, 
notably among birds, a number of cases are 
known where the courtship display or behavior 
is scarcely different from, or is identical with, 
warning and threat. Among the best known are 
the displays of pheasants, grouse, and certain 
sandpipers and other wading birds. The same is 
true of many songs: the male sings both to 
attract the female and to let possible rivals know, 
preferably without a fight, that he is in possession 
of a nesting site and will challenge interlopers. 

It is interesting to rememl>er here that where, 
in the lyrebird and bowerbird the display has 
outgrown its function as a specialized part of the 
mating cycle and, as has l>een suggested, perhaps 
“become very largely of an almost recreational 
nature” (Stoner, 1940, p. 98), carried on through¬ 
out the year, the opposite seems to have hap¬ 
pened in the case of fiddler crabs, where courtship 
display probably arose from year-round tlireat 
activities. In latimanus } at least, it seems now 
to be restricted to the breeding season. 

The marvelous correlation between display and 
color found in the various species of birds of 
paradise is found to a lesser extent, but no less 
unquestionably, in fiddler crabs. Since courtship 
dances are well known in a number of insects and 
spiders, there seems to be no reason to deny the 
existence of such displays among crabs on the 
basis of their being invertebrates 

Conclusions: From the foregoing data on Uca t 
a few conclusions may be drawn concerning the 
functions of display which are applicable to the 
species studied at Panama, all of which appear 
to be relatively highly specialized forms. It is 
important to remember that these conclusions 
are not necessarily true of the entire genus. 

1. Waving and its accompanying behavior in 
fiddler crabs form, in the various species, dis¬ 
tinctive displays which are complemented and 
supplemented by temporary coloration patterns. 
These colors are shown to the best advantage 
only when the crab is in the midst of display. 

2. No evidence at all lias been found of the 
influence of sexual selection in the old-fashioned 
sense—that is, of a female's deliberately choosing 
a brightly colored or especially active crab for a 
mate in preference to one which was duller or 
slower. Nevertheless, display coloration is so 
closely linked with the characteristic display in 
the various species, that it seems very unlikely 
that coloration is only an accidental and useless 
result, or a mere waste product, of glandular 
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or other physiological activity, or that display is 
simply the result of excess energy. Instead, it 
seems certain that females do distinguish and 
recognize males of their own kind by both motion 
and color—as well, perhaps, as by scent or some 
other means—ana that they are eventually 
attracted and stimulated to mate by the display 
of persistent males, which are usually among the 
most brilliant or acrobatic. 

3. At the same time, display doubtless serves 
also as a warning to rival males to keep away 
from a chosen feeding and display territory sur¬ 
rounding the hole. This function also is per¬ 
formed in other seasons of the year in some, but 
not in all, species. 

4. Associated with display in certain species is 
the erection of shelters of muddy sand above 
the hole. No function can be attributed to these 
yet, except that they probably serve as further 
advertisement of the presence of a male in 
breeding condition. 

G. Breeding and Growth. 

The observations at Panama were all made 
between January and March; the ovigerous 
females in the Zaca collection from the west 
coast of Central America were also taken at this 
season, but since these dates coincided with the 
dates of both trips, no real conclusions can be 
drawn. However, since sunlight and dryness are 
needed to bring out the display colors of males, 
and since these months are the height of the dry 
season, it seems reasonable to assume that fiddlers 
have at least a major breeding season at that time. 
Evidences of sexual rhythms were seen in the 
s{>ecies studied, some l>eing apparently near the 
close of the breeding season while others were 
obviously entering it. Some (e. g., panamensis 
and umbratila) were not displaying, except for a 
few abortive displays in the former species, nor 
were ovigerous females seen. An account of 
tidal rhythm in the display of laiimanm has 
already been given (p. 155). 

Ovigerous females appeared to move around 
less than non-ovigerous ones, but were frequently 
seen feeding in full sunlight. They were never the 
object of display by a male. It seems likely that 
ovigerous females of the stylifera group, at least, 
come ashore to copulate, but go down to the mud 
flats to carry their eggs (p. 172). No fiddlers were 
seen at night, even in full moonlight, on the two 
evenings when observations were made (c. f. 
Pearse, 1912). 

The eggs, counted in eleven species, numbered 
between 500 and 15,000, relatively low totals 
compared with those of cancroid crabs, for 
example. Similarly, the eggs are relatively 
larger, and of remarkably similar sizes, ranging 
between .24 and .27 mm. in diameter. 

No special studies have been made on develop¬ 
ment, but from time to time in the following 
pages notes are included on the general growth 
trends and characteristics of young crabs of 
various species, which will be useful only in 
identification and as hints on intrageneric rela¬ 


tionships. Detailed work must wait for the 
future. 

Apparently no holes are dug until at least 
several crab instars have been passed, and the 
crab reached a length of 3 mm. or more. Before 
this time the crabs run freely in and out of the 
burrows of larger crabs of both their own and 
other species. 

Young crabs in their physical characteristics, as 
is to be expected, frequently give clues to their 
relation to other species. For example, the young 
of macrodaciyla can with difficulty t>e distin¬ 
guished from adults of zacae. As is well known, 
the young lack the characteristic ridges inside 
the palm, the whole chclipcd gains its size and 
elongate chelae only gradually", and often the 
orbits are more oblique than in the adult. Often, 
too, there is more pile on the carapace, or pile 
which is quite absent in the adult (as in umbratila 
and oerstedi). In stenodactyla , latimanus and 
their allies, however, with the carapaces semi- 
cylindrical and the orbits scarcely oblique, the 
orbits even of crabs less than 2 mm. long are 
similarly almost straight, although the carapace 
is relatively flat. In the young of crabs of the 
very narrow-fronted group containing prineeps 
and allies, the front is wider than in the adult, 
but still so narrow that there is no danger of con¬ 
fusion with other groups of species. Spoon-tipped 
hairs on the second maxillipeds are fewer in 
young than in adults (see p. 161). 

Precocity: Adolescent males, distinguishable by 
their smaller size and short-fingered chelipeds, 
sometimes may be observed apparently in the 
midst of learning to court and build shelters. 
These individuals have not attained full court¬ 
ship coloration, and their movements during 
display show various stages of practice. The 
display usually is erratic and casual. Similarly, 
shelters may be started but not completed, or the 
crab may spend an entire morning building a 
structure wliich is small and badly made. Once 
I saw such a shelter toppled over by a strong 
gust of wind. 

Special examples of precocious behavior were 
noticed in beebei, where an obviously immature 
male, without a shelter and in poor coloration, 
induced a female to follow him down his hole, 
after an energetic display. Once she was down 
there, however, he became frantically restless 
and popped out and in again every few minutes, 
displaying vigorously in the direction of other 
passing females. Another young male, this time 
a stenodactyla , after fruitlessly courting a female 
who paid no attention whatever, and who finally 
vanished down her hole around which she had 
just finished building a high wall (see p. 196), 
deliberately walked over toner wall and pulled it 
down with his ambulatories, trampling it into the 
ground until no sign of it was left. He then re¬ 
turned to normal feeding, without display, beside 
his own hole. 

H. Individuality and Play. 

A strong spirit of individuality was observed in 
the fiddler crabs, and I agree with Pearse (1912, 
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1914.2) that Home of their behavior can only be 
interpreted as sheer play. Several adjacent males 
of similar size, belonging to the same species, on 
the same day would show definite traits of 
individuality. One would be especially belliger¬ 
ent, seeking every excuse for a duel; another 
would build a shelter and display strenuously all 
day, scarcely stopping to feed; the third, although 
he had spent most of the preceding day fighting 
and courting, might on this morning feed con¬ 
tinuously and enlarge his burrow, punctuating 
this activity with only a few half-hearted dis¬ 
plays. 

Similarly, some females of various sj)ecies were 
much given to wandering about, peering down 
the holes of adult males, hurriedly retreating, 
paying briof and successive attention to the dis¬ 
plays of a number of neighboring males, and 
altogether behaving in a manner wliich in higher 
animals would certainly be termed coy and 
flirtatious. I have used these ultra-antliropo- 
morphic terms advisedly, because I have l>een 
unable to find any other words in the language 
wliich so exactly define the actions of these 
individual females. Others, of the same species, 
spent hours feeding quietly on several square 
inches of ground. In the end members of the 
latter group proved just as susceptible as the 
wandering individuals to the advances of dis¬ 
playing males. 

Two large male xtylifera furnished a good 
example of a social relationship of sorts which 
continued for at least a week. Their burrows 
were a yard apart, in an uncrowded portion of 
the beach, although other males of their own 
species were close by. Eveiy day they followed 
an invariable routine, consisting of emergence, 
cleaning, feeding, accompanied by change to dis¬ 
play coloration, and then—-^without a sign of 
preliminary waving or warning or argument of 
any kind—they would meet on the invisible 
boundary line between their burrows and fight. 
The duel always ended several minutes later in 
identical fashion, the smaller being somersaulted 
backward by the larger. The vanquished would 
then pick himself up and retreat nastily to his 
burrow, while the winner resumed feeding with¬ 
out another glance. After a half hour or so more 
both would begin to display, without taking any 
further notice of each other. I never saw two 
fights in one day, and there was never any female 
in their vicinity. Finally both moved away and 
I lost track of them. 

The apparently sporting aspect of part of the 
courtship activities of stenodactyla is described 
on p. 196. 

One of the most individualistic, inexplicable 
performances I saw was that of a moderate-sized 
but apparently adult male tcrpsichores . His dis¬ 
play coloration was not well developed on the day 
in question, his usually white carapace being 
heavily streaked with dull yellow and his chelipea 
scarcely pink. He did not build a hood or display, 
but enlarged his burrow and fed energetically. 
Then, suddenly, he went straight over to the 
newly erected shelter of a neighbor fully eighteen 


inches away. Without any provocation or pre¬ 
liminaries he undermined the shelter from the 
rear and pushed it down on top of its owner; the 
two crabs then spent 15 minutes fighting, in the 
course of which both darkened rapidly, losing all 
trace of display coloration, and the shelter owner 
lost the tip of his pollex. Finally, the aggressor 
let the owner go, then went directly to the next 
hood, six inches from the first, and repeated the 
episode exactly. In this case, too. the owner was 
powerless and was constantly thrust down his 
own hole, although he put up a good fight. At 
last, after another 25 minutes of uninterrupted 
struggle, the aggressor released this crab also, and 
returned, without any hesitation, to his first vic¬ 
tim, who by now was cleaning himself up and had 
regained most of liis display coloration. At the 
approach of his former antagonist, the victim 
tried to flee down his hole, but was seized from 
behind. Another duel, lasting no more than 
several minutes this time, followed, and ended as 
on the first two occasions by the aggressor’s 
abruptly releasing his victim. This time the 
former returned slowly but directly to Ids own 
hole, cleaned himself, and began to feed. Neither 
of the two victims rebuilt their shelters on that 
day, although the tide was only slightly past 
dead low at the time. 

The general conclusion to be drawn from all 
this variability of action is that fiddler crabs, 
nervously the most highly organized of all 
Crustacea, show a truly remarkable latitude of 
behavior. This is especially striking when 
fiddlers are compared with ants and bees, which 
are tied down to severely patterned behavior by 
the hyper-development of their social organi¬ 
zation. 

I. Enemies and Defense. 

Along the coast of Central America ^ the 
greatest enemies of fiddler crabs are shore birds 
At La Boca alone five species of herons, snowy 
and American egrets, curlews, sandpipers, herring 
gulls and great-tailed grackles hunted fiddlers 
daily at low tide. At Port Parker, Costa Rica, 
numerous sandpipers were hunting them. Every¬ 
where, too, raccoon tracks were found among the 
fiddler holes, especially on mornings when the 
low tide came very early. Fiddlers were also 
taken from the stomach of a lizard, Ctenosaura 
similis , at Culebra, C. R., and from that of 
another, Basiliscus galeritus, on Gorgona Island, 
Colombia. 

The crabs are adept at escaping all these ene¬ 
mies, and yet in wasting as little time under 
cover as possible. Each colony, whether mixed 
or formed of a single species, has worked out a 
scale of alarms based on the movement of sus¬ 
picious objects. At La Boca noises, ranging from 
the cries of their bird enemies to the shouts of 
human beings, whistles, cannon-fire and dyna¬ 
mite, had no meaning for them. Neither dia the 
passing of butterflies and wind-blown leaves 
within an inch or two of their eyes. But a bird 
flying over within twenty-five feet or a plane 
withm. say, two hundred, was the “alert” which 
sent all the crabs scurrying to the mouths of 
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their holes, where they froze, poised for instant 
flight within. The “take cover” signal was the 
approach of a bird either on foot or wing within 
ten to twenty feet, depending on both bird and 
crab, and the approach of a human being within, 
on the average, thirty feet. 

This distinction among “no cause for alarm,” 
“on tho alert,” and “take cover” must save them 
a great deal of time for feeding and courting 
during every low tide. A most interesting point 
is that brightly colored adult males are the first 
to enter their burrows and the last to leave. 

V. Phylogeny. 

The study of the present collection of eastern 
Pacific fiddler crabs has shown the importance of 
a number of physical characteristics to which 
little attention lias previously l>een paid. These, 
combined with the occurrence of eleven species 
hitherto undescribed, have clarified considerably 
the relations of the various species to one another. 
In spite of the fact that no complete picture can 
be formed until the genus as a whole has been 
similarly and more exhaustively studied, it 
seems worthwhile to present some tentative con¬ 
clusions in regard to these relationships. (Text- 
figure 5). 

The first necessity was to discover the primi¬ 
tive forms of the various physical characters, in 
order to decide which species were as a whole the 
least specialized. It appears that in a theoretical, 
primitive Uca the carapace is moderately arched, 
strongly narrowed behind, the orbits strongly 
oblique, the front moderately narrow, tho major 
cheliped relatively small with short fingers and 
lacking tu!>ereulated ridges across the palm, the 
minor cholipcd with well deveiojjed teeth and a 
slight gape, the third maxilliped with a rudi¬ 
mentary median groove traceable only anteriorly, 
the second maxilliped with a moderate number 
of spoon-tipped hairs, and the abdominal ap¬ 
pendage stout with a thick arm near its tip. It 
would presumably live in a fairly stable environ¬ 
ment, not subject periodically to great dryness, 
and would have neither coloration nor display 
highly developed. A few species, especially 
pygmaea , argillicoln and heUeri t fulfill the majority 
of these conditions, although each of these three 
has already started to specialize in various 
divergent fashions. Unfortunately, the display 
of none of these has been observed. 

From this theoretically primitive form, special¬ 
ization has proceeded in a number of directions. 
These may be divided into ecological and structur¬ 
al, the latter being closely dependent on the for¬ 
mer, For this reason, the former will be listed 
first. 

1. Ecological Specialization . 

a. Moving from stable, damp habitat, such as 
briefly exposed mud-flats, or mangrove marshes, 
to a periodically dry habitat, such as sloping 
shores or the banks of small fresh water streams. 

b. Color change associated with courting. 

c. Shelter-building associated with courting. 


d. Display dances associated with courting. 

From available material, it appears that b, c 
and d are most highly developed in those crabs 
which have been most modified for a truly 
littoral life. 

2, Structural Specializations . 

a. Increase in Thickness t through Great Arching 
of Carapace and Underparts , Straightening of the 
Orbits , Divergence of Carapace Siaes Posteriorly , 
Fusion of Abdominal Segments: These modifica¬ 
tions serve the two-fold purpose of guarding 
against dessication, and of giving more room in 
the branchial chambers for the exposure of blood¬ 
vessels, an arrangement which functions as a 
primitive lung when the crab remains out of 
water for so long that the gills become tempora¬ 
rily useless. This increase in thickness, accom¬ 
plished by most or all of the means listed above, 
becomes evident in end-species of Groups 2, 4 
and 5, forming a good example of convergent 
evolution. It is most highly developed in Group 
5, in which the end-forms all live a strictly 
littoral existence and spend hours daily exposed 
to the sun and air. The bottoms of the burrows 
of latimanus, the thickest of all, may not be 
covered by the tide for more than a week at a 
time. Although the species in Group 1, char¬ 
acterized chiefly by very narrow fronts, are in an 
isolated series, they are in many particulars 
highly specialized. They are all fairly flat, and 
there is some evidence to show that they come 
ashore only to court, but otherwise live on 
briefly exposed mud-flats. U. panamerms , the 
specialized crab forming Group 6, is noticeably 
flattened; this is probably associated with its 
unfiddler-like habit of hiding under stones. 

b. Specializations of Movthparis: The signifi¬ 
cance of most of these adaptations cannot even 
be guessed at. They include: 

i. Grooving or smoothing of ischium of third 
maxilliped (PI. VII). In the least specialized 
forms, and continuing through all groups except 
2, 3 and end-species in Group 5. the ischium is 
moderately flat with a well developed inner 
groove and a central groove represented only by 
an anterior (distal) median depression. In the 
end-forms of Group 2 the median groove is pro¬ 
gressively better developed, extending posteriorly 
(basally) and swerving inward to fuse almost or 
completely with the basal end of the inner groove. 
There seems to be no practical significance to 
this trend, except to show a fundamental rela¬ 
tionship. In Groups 5 and 6 the ischium is 

E ractically smooth except for an inner groove, 
eing flattened in Group 6, as is the rest of the 
crab, and broad and swollen in Group 5, the 
swelling being obviously merely a continuation 
of the general tendency to increase bulk in order 
to mitigate dryness. 

ii. “Spooning” of hairs on merus of second 
maxilliped (Text-figs. 2,3). The most usual state 
is for tne inner edge of the anterior half of the 
merus and the tip of the palp to have many or 
all of the hairs terminating in concave, pectinated 
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Text-figure 2. 

Inner (dorsal) view of merus of second maxillipod in Uca. A, jmneeps; B, mordax; C, oerstedi; 
D, lahmanus. 


expansions, termed “ spoon-shaped ” for the sake 
of brevity. Departure from this norm extends in 
both directions, toward total reduction and 
toward tremendous increase, both of these de¬ 
partures taking place only in end-species. In 
Group 1 they are more than moderately numer¬ 
ous, and in addition have characteristic spines 
at the base of the shallow spoons, the pectina¬ 


tions of the latter being rudimentary. Through¬ 
out Group 5, where it reaches its highest develop¬ 
ment, spooning is further increased. On the 
other hand, in Groups 2 and 4 the spoons become 
progressively fewer, until m end-forms they are 
almost or completely lacking. Since they are best 
developed in species living at least part of their 
lives on muddy sand shores, as opposed to semi- 
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r l ext-figure 3 

Typical spoon-tipped hans fiom merus of second maxilliped m Uca , fiont ind litenl views 
A, j/rmceps, B, mordax, C, otrstedi, D, lakmanus 


liquid mud, it is probable that their function is m Development of “woolly” hairs on second 
concerned with the sifting of organic detritus maxillipods These structuies have not been 
from this relatively dry medium studied at all m detail, and they are included here 
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Minor chelipeda in Uca. A, heteropleura; B, pygmaea; G, zacae; D, galapagmsis; E, mordax; F, 
brevifrons ; G, macrodactyla; H, iomerUosa; I, wnbratila; J, argillicola; K y oerstedi; L, inaequalie; M» 
tenuipedis; N, batuenta; O, saltitanta (c?); P, beebei; 0* stenodactyla; R, heUeri; S, crenidata; T» 
limicola ; U, deichmanni; V, laiimanus; W, ierpsichores; X t panamcnsis. 
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merely in order to call attention to their existence. 
The usual condition seems to be the occurrence of 
a moderate number of hairs clothed in a fuzzy 
material in a tuft on the inner edge of the ischium, 
and in a smaller tuft on the inferior (external) 
side of the tip of the palp. Usually there are also 
a few along the external edge of the merus, In 
Group 3 these structures are far more numerous 
than usual, and are somewhat increased also in 
Group 1. In Groups 4 and 5 they are progressive¬ 
ly decreased, being very few in the end forms of 
both groups. It appears that they are most 
highly developed in those species living in the 
wettest mud, least in the truly littoral forms. 
The high degree of development of both spoon- 
tipped and woolly hairs in members of Group 1 
is explained if sand-livers have more need of 
spoon-edged hairs in feeding, and mud-eaters of 
wool, since members of this species apparently 
spend part of their lives in both kinds of habitat. 
The mystery of how these specialized liairs are 
actually used remains, however, completely 
unsolved. 

c. Weakening and Loss of Minor Cheliped 
Teeth: (Text-fig. 5) * In Group 5, which contains 
the most littoral forms, the teeth progressively 
decrease in strength and finally vanish, this de¬ 
crease being accompanied in an increase in gape 
and slenderness. The resultant weakness is com- 
>ensated for by the strengthening of the terminal 
msket formed of interlocking bristles. The func¬ 
tion of this adaptation, if any exists, is not clear. 
In panamensis (Group fi) these terminal bristles 
are enormously long, thick, strong and numerous, 
while the chelae are short and thick and toothless. 
These characteristics are almost certainly adapta¬ 
tions concerned with the crab's habit of scraping 
algae from the rocks. 

d. Variation of Form in the Major Cheliped: 
This character is practically useless as an indica¬ 
tion of true relationships. A num!>er of species, 
very distantly related, and referable to various 
groups, lrnve similar chelipeds, a general type 
having the fingers longer than the palm, with 
strong teeth, a moderate gaj>e, and a well 
developed oblique tuberculated ridge on the 
inner side of the palm. In contrast, the two 
liighly specialized and closely related end-forms 
in Group 5, latimanus and terpsichores , have 
utterly dissimilar chelipeds—short, broad and 
ridgeless, as in primitive forms, in the first 
species, and elongate, slender, and strongly 
ridged in the second. In Group 4, however, there 
is a general trend toward broadening and flatten¬ 
ing of the pollex; it is possible that this is asso¬ 
ciated with the rapping of the ground in display, 
the increase in breadth giving perhaps more 
strength to withstand the rapping. However, in 
batuenta , one of the rappers, the pollex is scarcely 
broadened. 

e. Stridulating Ridges: The first hints of 
stridulating mechanisms, consisting of a scatter¬ 
ing of tubercles on the lower, basal, inner surface 
of the major palm which is opposable to a row of 
tubercles on the merus and carpus of the first 
major ambulatory, Occur in inaequalis, a primi¬ 


tive representative of Group 4, and in progres¬ 
sively greater development through some of the 
species of Group 5. Unfortunately, no observa¬ 
tions have yet been made on the use of stridula- 
tion in the field; it was not seen to play a part in 
display' on the surface of the ground. 

f. Abdominal Appendage of Male: The least 
specialized type seems to be short, thick, and 
blunt, with a short, blunt or spinous “arm' near 
its end. In Group 1 the end-species have slender 
appendages, with curved, tapering tips. In 
Groups 4 and 5 the appendage becomes progres¬ 
sively more slender and the arm reduced or 
absent in the end-forms of both groups. The 
pronounced curving of the appendage in the 
same species is apparently largely in conformity 
with the arching of the underparts in the provi¬ 
sion for increased bulk. Some differences have 
been found in the form of the seminal receptacles 
of the females in various species. It would be 
interesting to work out in detail the specific 
adaptations of the male and female organs to 
each other. 

g. Color and Display: Unfortunately color 
change and display liave been observed only in 
Groups 1, 4 and 5, and until they are known in 
the other groups no trustworthy conclusions can 
be drawn concerning group relationships in this 
field. The prevalence of white in the display 
coloration of end-forms, the development of the 
rapping phase of display in Group 4, and the 
generally high level of display in all end-forms in 
the group have already been mentioned (p. 15311.). 

Definition of Ghoups. 

The characteristics of the various groups of 
west coast species of Uca, may, using the above 
data, be summarized as follows: 

Group 1 . princeps , monilifera , heteropleura, 
slylifera , insignia. This very distinct group, 
which perhaps should be a subgenus, is character¬ 
ized throughout by having the front exceedingly 
narrow, carapace iittle arched, cheliped massive, 
the chelae broad and flat; spoon-tipped hairs 
numerous, covering from a quarter to a half of 
inner surface of merus, in many rows; the indi¬ 
vidual spooned hairs are very shallow and only 
slightly scalloped; at their base is a sharp angle 
sometimes projecting as a well-developed spine. 
The minor chelae are large, slender, the gape 
slight, articulating distaliy, with moderately 
strong serrations; all margins fringed with long, 
thickset hairs. The shape of the abdominal 
appendage in the male divides the group into 
two: in princeps and monilfera it is thick and 
blunt, with the anterior arm represented by a 
strong spine. In the other three it is slender, 
tapering, the arm terminal, projecting distaliy. 
In the first two there is a tubercle beside the 
seminal receptacle, in the last three there is none, 
and the receptacle is crescentic. Observed display 
coloration (not seen in insignia or monilifera) 
reaches its highest development in stylifera. All 
live on open tidal mud flats, and some at least 
come to adjacent muddy sand beaches to court. 
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J ext-ngurc 5. 

Tentative phytogeny of eastern Pacific sjwcies of Uca. 


Group 2. ecuadori crisis (position based on type 
description only), pygmaea, zacae , galapagensis, 
brevifrons, mordax. These seem to be relatively 
primitive forms, living in shady, brackish or 
freshwater mud, in protected places. One branch 
has the orbits very oblique, and chelipeds char¬ 
acterized by the lack of an oblique ridge and 
rather short fingers. The other has well formed 
chelipeds, with ridges and long slender fingers. 
Their relationship is shown by the minor cheli¬ 
peds, with weak or moderate teeth, a slight gape, 
and progressively fewer hairs, by the grooving of 
the third maxillipeds and the progressively re¬ 
duced spooning on the hairs of the second 
maxilliped, and by the broad fronts. Display 
unknown. 

Group 3. macrodactyla y tomentosa y umbratila . 
Members of this group live in mud among man¬ 
groves. The position of macrodactyla may l>e 
nearer to Group 2 than 3, since its front is very 
wide, whereas those of tomentosa and umbratila 
are notably narrow. However, in the form of the 
minor chelae, which are strongly serrated with 
little gape and plentiful hairs, in the medianly 
smooth merus of the third maxilliped, and in the 
generous number of spoon-tipped hairs on the 
second maxilliped, the three forms are very 
similar. Here again the trend is from oblique to 
horizontal orbits. Display unknown. 


Group 4. argillicola, coloradensis , festac, ocr- 
stedi, inaequalis , ten uipedis, batuenta , saltilanta . 
In this group the trend is from the oblique orbits 
and moderately arched carapace of shade-living 
argillicola to the practically straight orbits and 
semi-cylindrical carapace of saltitanta y which 
lives on sun-baked open mud flats. Throughout 
the group the spoon-tipped hairs l>ecome pro¬ 
gressively reduced in number until in the end- 
forms they are practically absent, the eyebrow 
becomes narrower, the crenulations on the lower 
orbital margins obsolescent, and the arm of tine 
abdominal appendage reduced, obsolete in end- 
forms. In all forms the minor chelae are strongly 
serrated with a very narrow gape. The major 
pollex in a number of species is broad and tri¬ 
angular, esj>ecially in saltitanta. The display and 
display coloration of inaequalis y batuenta and 
saltitanta show an interesting progression involv¬ 
ing lightening of the color to pure white and 
developing of the rapping phase of display. 

Group 5. This group contains the most special¬ 
ized crabs and is divided into two sub-divisions 
composed of beebei and stenodaetyla on the one 
hand and, on the other, of hetteri , rectilata (known 
from type description and Holmes, 1904, illustra¬ 
tions), crenulata y limicola y deichmanni y loti - 
manus y terpsichores and musica . In all the cara¬ 
pace is strongly arched, completely serai-cylindri- 
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cal in all the end-forms, and the spoon-tipped 
hairs on the second maxilliped are enormously 
developed. In the semi-cylindrical species these 
hairs number hundreds, their bases covering 
most of the inner surface of the merus as well as 
projecting beyond the end, Throughout the 
series the eyebrows increase in breadth. In beebei 
and stenodadyla there are a few strong teeth on 
the minor chelae and the arm on the abdominal 
appendage is lacking; in all the others, however, 
the chelae are progressively almost or completely 
without serrations and widely gaping, and there 
is a well developed arm on the abdominal append¬ 
age. In all the end-forms except latimanus the 
major cheliped is large with long, slim fingers. 
Throughout the group the trend is toward living 
more and more of a truly littoral life on protected 
flats or beaches of muddy sand. IL latimanus 
may also be found on the banks of fresh water 
streams, subject to seasonal drying. Coloration, 
display and stridulation apparently reach their 
^lighest development in this group. 

Group 6. panamenm . This species is so 
isolated from the others on the west coast that it 
must be placed alone. It is characterized by a 
flattened carapace, apparently associated with 
its habit of living among stones, and has strong, 
toothless, short, minor chelae furnished with 
stiff brushes, which probably help in removing 
from the rocks the algae upon which it feeds. 
It has a moderate number of spoon-tipped hairs. 
The burrowing instinct is feebly developed. 
Color very variable. Display and display colora¬ 
tion not observed at full development. 

VI. Key to Species of Uca Occurring on the 
West Coast of America and in the 
Galapagos Islands. 

Including the 11 new species in the present 
collections, the total of apparently valid species 
known from the west coast of America and the 
Galapagos is brought to 33. Of these four— U. 
galapagensis, U. heller i, U. ma<rodactylus and U. 
panamensis —occur in the Galapagos, the second 
being indigenous. 

The 22 species previously known include the 
19 recognized by Miss ltatlibun (1917, pp. 376 ff) 
and three species which have since l>een described, 
namely U. ecuadoriensis Maecagno, 1928, U. 
inaequalis Rathbun, 1935, and £ 7 . deichmanni 
Rathbun, 1935. £/. guayaquilensis Rathbun, 

1935, appears, from a reexamination, to be with¬ 
out question synonymous with U. festae Nobili, 
1902, all being immature examples. The only 
recorded specimens of the latter and of ccuadori - 
ens%8 t deposited in Turin, Italy, are unavailable 
for examination because of the war. 

Twenty-six species are included in the present 
collection. All have been compared with speci¬ 
mens in the United States National Museum in 
Washington or the American Museum of Natural 
History, New York. Of the remaining seven 
known from the eastern Pacific, I have seen 
examples in the same institutions of all except 
two, ecuadoriensis (in Italy) and rectilatus 
(destroyed in San Francisco fire). 


In making the following key an attempt was 
made to emphasize characteristics other than 
those of the major chelipeds of adult males, 
since these members are so often missing, gain 
their development so late in the life of the crab, 
and are useless in identifying females. With the 
addition of so many new, intermediate species, 
the use of two of Miss Rathbun's main divisions, 
semi-cylindrical and non-semi-cylindrical, and 
convex and straight antero-lateral margins, 
respectively, has been impracticable, except as 
minor subdivisions. When possible, a number 
of characteristics are given under each j>ortion 
of the key, since crabs are so frequently damaged, 
and since some of the most important characters 
are troublesome to determine (e. g., spoon-tipped 
liairs and form of abdominal appendage). 

In immature specimens, the form of the minor 
chelae, general widths of iront and eyebrow and, 
surprisingly, the development of the arm of the 
alxlominal appendage are the most reliable 
characters. Where the general group of a young 
specimen is in question, the number of spoon- 
tipped hairs on the second maxilliped is often 
useful, since though the full number is not 
developed in the young, spoon-tipped hairs are 
apparently never lost with growth. In the end- 
forms of Group 5, for example, where the spoon- 
tipped hairs are most highly developed, even 
specimens measuring 2 or 3 mm. in length have 
at least 25 well developed, which total at once 
eliminates the possibility of their belonging to the 
end-forms of Group 2 or Group 4. 

Terms such as “width of front/ 1 “eyebrow/’ 
etc., used in the following key, are defined on 
page 148. 

la. Front narrow and spatuliform, less than 1/10 

width of carapace. 

2a. Lateral margins either granulate or unarmed. 

3a. Abdominal appendage of thick and 
blunt; gonopore of 9 with tubercle beside 
it. 

4a. Dorsal part of lateral margin a strong 
granulated line in both sexes. (Ix>wer 
California—Peru). princeps, p. 170. 

4b. Dorsal part of lateral margin absent in 
d\ very faint, non-granulated, in 9. 
(Mexico). . .monihfera Rathbun, 1914; 

Rathbun, 1917, p. 380. 

3b. Abdominal appendage of o 1 slender and 
tapering; gonopore of 9 without tubercle, 
crescentic. 

5a. Ocular stylet in <? absent, or no longer 
than cornea. 9 with these characters: 
max. lgth. 10 mm.; hairs on chelae long, 
close-set, those on upper edge of dactvl 
at least as lonjjj as dactyl’s breadth; 
triangular suborbital region nearly naked. 
(G. of Fonseca —Panama) 

hderopltura t p. 171. 

5b. Ocular stylet in <? always present, 
longer than peduncle. 9 with these 
characters: max. lgth. 14.5 mm.; hairs on 
chelae relatively short and scant, those 
on upper edge of dactyl shorter than 
dactyrs breadth; triangular suborbital 
region covered with short, wide-spaced 
hairs. (G. of Fonseca—Ecuador) 

stylifera , p. 171. 
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2b. Lateral margins armed with large spiniform 
tubercles; raerus joints of legs with tuberoles 
or spines in both sexes; short ocular stylet 
present or absent in d". (G, of Fonseca to 

Chile). insignis , p. 178. 

lb. Front wider, increasing in width from below 
upward. 

6a. Carapace little convex; front broad, about )4 
carapace width; antero-lateral angles strongly 
produced. Small chelae short, thick, tooth¬ 
less, with distal hairs thick-set, covering tips, 
more than a third length of chelae; gape 
slight. Major palm without oblique ridge, 
its infero-proximal angle thick, projecting 
backward; chelae long. (G. of Fonseca— 
Peru). panamenm , p. 204. 

6b. Not as above. 


7a. Gape between small chelae slight, much 
less than width of middle of dactyl; serra¬ 
tions moderate or strong; tips dilated. 

8a. Suborbital region almost or completely 
covered with short hairs. 

9a. Orbits strongly oblique. No oblique 
tuberculated ridge inside major palm. 
10a. Antero-lateral margin almost lack¬ 
ing. 

11a. Palm of major cheliped much 
swollen; a scattering of granules 
on its inner surface. Spoon- 
tipped hairs sparse, up to about 
12. (Costa Rica) 

pygmaea, sp. nov., p. 174. 
lib. Major palm not much swollen; 
inner surface smooth; Spoon- 
tipped hairs around 75. (Nica¬ 
ragua, Costa Rica) 

zacae, sp. nov., p. 175. 
10b. Antero-lateral margin well devel¬ 
oped, convex. Major chelae shorter 
than palm. (Ecuador) ccuadorien- 
sis Maccagno, 1928, p. 49. 
9b. Orbits scarcely oblique. Oblique ridge 
inside major palm present; major 
chelae longer than palm. 

12a. Small chelae with plentiful hairs. 
Suborbital region partly naked. 
(Galapagos, Peru) 

gcdapagensis , p. 176. 
12b. Small chelae almost naked. Sub- 
orbital region densely haired. 
Spoon-tipped hairs from several 
to 20. 

13a. Eyebrow not as wide as eye- 
stalk, oblong. Oblique ridge in¬ 
side major palm several tuber¬ 
cles wide, but obsolescent in 
large specimens; carpal emin¬ 
ence low. Gonopore with 2 or 3 
tubercles on surrounding ridge. 
(Bahamas—Brazil; Western 
Mexico—Costa Rica) 

rnordax, p. 176. 

13b. Eyebrow wider than eyestalk, 
triangular. Oblique ndge in¬ 
side palm a single row of tuber¬ 
cles; carpal eminence high. 
Gonopore with single tubercle. 
(Lower Calif.—Panama) 

brevifrons , p. 177. 

8b. Suborbital region almost naked, with at 
most several rows of burs close to orbital 


margin. 

14a. Front narrow, 1/6 to 1/9 width of 
carapace. Gape between small chelae 


lacking in distal half, their teeth 
strong. Spoon-tipped hairs about 30- 
45. 

15a. Carapace with tomentum in 
patches. No tooth on carpus of 
major cheliped. Orbits strongly 
oblique. Front about 1/6 width of 
carapace. Max. lgth. 7.3 mm. 
(Costa Rica) 

iomcntosa sp. nov., p. 179. 

15b. Carapace without tomentum, ex¬ 
cept m young. A tooth on major 
carpus. Orbits little oblique. 
Front about 1/9 carapace width. 
Max. lgth. 19.5 mm. (Costa Rica, 
Panama) .umbratilaap. nov., p. 181. 

14b. Front wider. 

16a. Front contained about 3H times in 
width of carapace. Carapace 
moderately arched. Lateral mar¬ 
gins anteriorly well developed, 
convex, curving gradually back¬ 
ward; posteriorly strongly con¬ 
vergent. 30-75 spoon-tipped hairs. 
Oblique ridge inside major palixi 
strong, continued to upper margin. 
Merus joints of legs enlarged. 
(Mexico—Chile; Gal&pagos) 

macrodactyla , p. 178. 

16b. Not with above combination of 
characters. 

17a. Carapace often strongly arched, 
but never completely semi-cylin¬ 
drical. Marginal line of front 
distinct. Segments of abdomen 
of male not fused. 

18a. Abdominal appendage of d” 
with arm. Eyebrow almost as 
wide as eyestalk. 

19a. No oblique ridge inside 
major palm. Orbits strongly 
oblique; antero-lateral mar¬ 
gins practically absent. 50- 
60 spoon-tipped hairs. 
(Costa Rica) 

argillicola sp. nov., p. 183. 
19b. Oblique ridge present. Or¬ 
bits little oblique; antero¬ 
lateral margins well-devel¬ 
oped, straight, slanting out¬ 
ward. About 5-10 spoon- 
tipped hairs. 

20a. Front contained about 3 H 
times in carapace width. 
Dactyl of major cheliped 
about twice length of 
palm. Arm of abdominal 
appendage arising about 
4H times its own length 
from tip. (Gulf of Cali¬ 
fornia). colaradensis 

(Rathbun, 1983); Rath- 
bun, 1917, p. 410. 

20b. Front contained about 
4H times in carapace 
width. Dactyl of major 
cheliped about three 
times length of palm. 
Arm of abdominal ap¬ 
pendage arising about 7 
times its own length from 

tip (Ecuador). feetae 

Nobili, 1902; Maccagno, 
1928, p. 32. 
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18b. Abdominal appendage of cT 
without arm; eyebrow half or 
less than half width of eye- 
stalk. 

21a. Antero-lateral margins not 
slanting outward. Pile in 8- 
12 small patches on cara¬ 
pace. A row of tubercles 
along carpus of first major 
ambulatory. Carapace not 
strongly convex. (Nicara¬ 
gua—Ecuador) 

inaequdlu, p. 185. 
21b. Antero-lateral margins 
slanting outward. Pile, if 
present, not in many small 
tufts. No tubercles on 
carpus of first major ambu¬ 
latory. Carpace strongly 
convex. 

22a. No oblique ridge inside 
major palm. Ambula¬ 
tories long and slender. 
(Costa Rica) 

tenuipedis sp. nov. p. 186. 
22b. Oblique ridge present, 
meeting proximal ridge at 
base of dactyl above. 
Merua of ambulatories 
much enlarged. (Costa 
Rica, Panama) 

oerstedi , p. 184. 

17b. Carapace semi-cylindrical. Mar¬ 
ginal line of front obsolescent or 
absent. Segments of abdomen of 
c? fused; no arm on abdominal 
appendage. 

23a. Eyebrow less than half width 
of eye stalk; spoon-tipped hairs 
few or absent, suborbital crenu- 
lations obsolescent except ex¬ 
ternally. 

24a. Orbital angle a right angle, 
not produced. No large iso¬ 
lated tooth externally on 
lower orbital margin in d\ 
Minor cheiiped palm slen¬ 
der. Base of major pollex 
little or no deeper than 
dactyl at base, merging with 
man us dorsnlly in the usual 
concave line. (Costa Rica, 
Panama) 

baluenta sp. nov., p. 187. 
24b. Orbital angle acute, pro¬ 
duced. A large isolated 
tooth externally on lower 
orbital margin in . Base of 
major pollex broad, merging 
with manus dorsally in 
straight line continuous with 
its prehensile edge. Minor 
cheuped palm deep, swollen, 
especially in 9. (Costa 
Rica, Panama) 
salHtanta sp. nov., p. 189. 

23b. Eyebrow at least as wide as 
eyestalk. Spoon-tipped hairs 
more than 100. Suborbital 
crenulations strong. 

25a. Ambulatories short and 
stout (merus of 3rd on minor 
side about 2/5 of its length 
in cf). Tips of minor chelae 


not overlapping. Regions of 
carapace not individually 
tumid, sides only moderate¬ 
ly steep. Spoon-tipped hairs 
projecting beyond margin 
about 100-140. (Nicara¬ 
gua—-Panama) 

beebei sp. nov., p. 192. 

25b. Ambulatories long and slen¬ 
der (merus of 3rd on minor 
side about of its length 
in d”. Tips of minor chelae 
overlapping. Regions of 
carapace strongly tumid, 
sides very steep. Spoon- 
tipped hairs projecting be¬ 
yond margin about 16Ch250. 
(Gulf of Fonseca—Chile) 
stenodactyla , p, 195. 

7b. Gape between small chelae wide, at least 
equal to width of middle of dactyl; serrations 
vestigial or absent; tips of chelae usually 
tapering, meeting imperfectly. 

26a. Orbits very oblique; carapace well 
arched but not semi-cylindrical. 

27a. Oblique ridge inside major palm con¬ 
tinuing only to carpal cavity. (Lower 
California; no specimens extant) 
rectUatus (Lockington, 1877); Rath- 
bun, 1917, p. 405. 
27b. Oblique ridge inside palm continued 
to upper margin. (Gal&pagos only) 
heueriy p. 198. 

26b. Orbits scarcely oblique. Carapace 
strongly arched or completely semi- 
cylindrical. 

28a. Eyebrow narrower than eyestalk. 
Weak serrations on minor chelae. 


29a. Merus of ambulatories enlarged. 
Tip of major pollex tapering. 
Marginal ridge of front strong. 
Abdominal segments of male dis¬ 
tinct. 

30a. Antero-lateral margin straight. 
Upper margin of major palm 
with carina. Arm of abdominal 
appendage ends at least 3 times 
its own length from appendage 
tip. Carapace lgth. to 10 mm. 
(California and Mexico) 

cri'nulaiaj p. 198. 

30b. Antero-lateral margin concave; 
Upper margin of major palm 
without carina. Arm of abdomi¬ 
nal appendage ends about 1H 
times its own length from ap- 

r ndage tip. Carapace lgth. to 
mm. (Costa Rica) 

limicola sp. nov., p. 198. 
29b. Merus of ambulatories slender. 
Tip of major pollex obliquely trun¬ 
cate. Marginal ridge of front ob¬ 
solescent. 3rd~6th abdominal seg¬ 
ments of d” more or less fused. 
(Costa Rica, Panama) 

deichmanniy p. 199, 
28b. Eyebrow at least as broad as eyestalk. 
No serrations on minor chelae. 3rd- 
6th abdominal segments of fused. 
31a. Marginal ridge on front distinct. 
No oblique riage inside major palm; 
major chelae shorter than palm; 
no stridulating ridge. (Mexico— 
Colombia). latimanus , p. 201. 
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31b. Marginal ridge on front obsoles¬ 
cent. Oblique ridge inside major 
palm present; chelae much longer 
than palm; stridulating ridge pres¬ 
ent on lower inner side of palm. 

32a. Carapace moderately swollen, 
the branchial, buccal and ptery- 
gostomian regions not especially 
gibbous. Gape between minor 
chelae not more than 1.5 times 
width of minor dactyl. Arm of 
abdominal appendage rudimen¬ 
tary. Length to 6.5 mm. 
(Costa Rica, ranama) 

terpsichores sp. nov., p. 202. 

32b. Carapace greatly swollen, the 
branchial, buccal and pterygo- 
stomian regions separately great¬ 
ly gibbous. Gape between minor 
chelae at least twice width of 
minor dactyl. Arm of abdominal 
appendage well developed. 
Length to 8 mm. (California & 

northern Mexico). tnuaica 

Rathbun, 1914; 1917, p.417. 

VII. Species of Uca Taken by the Eastern 
Pacific Expeditions of the New York 
Zoological Society. 

Uca princeps (Smith, 1870). 

Text-figs. 2, 3, 5. 

(see also pp. 149, 153, 156, 165, 167). 

References: Gelasimus princeps Smith, 1870, p. 
120, pi. 2, fig. 10; pi. 3, figs. 3-3c. 

Uca princeps, Rathbun, 1917, p. 382, pi. 133; pi. 
160, fig. 6. 

Range: San Bartolom6 Bay, Lower California, 
to Peru. 

Local Distribution: Found on open tidal mud 
flats and on muddy sand beaches, usually near 
mangrove sprouts. 

Supplementary Specific Characters: Abdominal 
appendage of male thick and blunt, with a strong 
curving spine near tip. Gonopore of female 
located close to anterior margin of third sternal 
segment. Tliis location, coupled with the 
presence of a large tubercle beside it, at once 
distinguishes the females of this sj>ecies from 
those of U . stylifera and U. heteropleura . The 
strong granulated line marking dorsal part of 
lateral margin in both sexes distinguishes the 
species easily from the closely related U. munili- 
ferct. * 

Measurements: The seven specimens taken 
include the following extremes of length: largest 
male, 24.5 mm.; larger female, 19.5 mm.; 
ovigerous (smaller) female, 14.5 mm.; smallest 
male, 15 mm. 

Color: Displaying males, carapace length about 
15 mm., observed through binoculars: Carapace 
purplish gray with bluish posterior margin. 
Major cheliped, outer side: merus basally orange, 
distally dark plum, as is carpus; manus, lower 
two-thirds bnght orange, upper third white; 
chelae white. Major cheliped, inner side: 
ischium salmon orange; merus and carpus white; 
manus apricot buff; chelae white. Minor cheliped 
purplish-gray. Ambulatories purplish-gray ex¬ 


cept as follows: anterior (ventral) side of merus 
of first three legs on major side bright salmon 
orange, on minor side white. Buccal and pterygo- 
stomian regions white, Eyestalks yellow. 

A much larger (24.5 mm.) male from Golfito, 
Costa Rica, observed after capture but while 
still alive differed from the males displaying at 
La Boca, Panama (described above) chiefly as 
follows: the upper part of the manus of the major 
cheliped was purple externally, the dactyl 
pinkish-white and the pollex scarlet, instead of 
white. The brown-flecked-with-white carapace of 
this specimen was obviously not in display 
coloration, since the crab had been captured. 

Females and young grayish-brown, usually 
flecked with white. 

Display: No specimens larger than about 15 
mm. were seen at La Boca, but they displayed 
vigorously and definitely courted individual 
females, although none was seen actually mating. 
Two males were observed, to seize females after 
strenuous displays, and try, unsuccessfully, to 
drag them down their burrows. The display was 
as follows: 

All ambulatories are held on ground, but with 
each gesture they are stretched upward, elevating 
body. Major and minor ebelipeds start from 
position folded in front of mouth, with the carpo- 
manus joint elevated and the chelae hanging 
down. The manus and chelae of both chelipeds 
are then extended upward and outward, being 
spread slowly, then brought more quickly into 
position. During display, the crab, elevated high 
on the stretching ambulatories, runs a few steps 
in either direction. Each display lasts about 
three-quarters of a second, and an almost equal 
time elapses between displays. 

Although a few individuals were seen at La 
Boca on the mud flat, only those on the muddy 
sand l>cach were displaying, although they were 
of similar sizes. 

Breeding: As has been indicated above, males 
around 15 mm. long were apparently breeding 
at La Boca; this was in January and February; 
one ovigerous female was seen (not captured) at 
this time. On the Zaca Expedition an ovigerous 
female was taken in March at Golfito, Costa 
Rica. The eggs, which measure .24 mm. in 
diameter after having been preserved in alcohol, 
number about 15,000. 

Burrow: Of displaying, moderate-sized male in 
stony muddy sand: slants steeply for several 
inches, then turns sharply and parallels ground 
for several more Of male of similar size in muddy 
sand: slants from surface at angle of forty-five 
degrees, extending six to eight inches. Of large 
males at Golfito on gravelly mud flat: slant from 
surface, measuring one to two and a half feet in 
length, the ends lying eight inches to two feet 
underground. 

Material: A total of seven specimens was taken 
at Ballenas Bay and Golfito, Costa Kica, and at 
La Boca, Balboa, Canal Zone. Others were seen 
and not collected at the latter locality. Cat. 
Nos. 38, 355, 38588, 4135. 
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Uca heteropleura (Smith, 1870). 

Text-figs. 4A, 5. 

(See also pp. 149, 160, 163, 164, 166,166, 167). 

References: Gela&imus heteropleurus Smith, 1870, 
p. 118, pi. 2, fig. 7; pi. 3. figs. 2-3b* 

Uca heteropleura , Kathbun, 1917, p. 386, pi. 161, 
figs. 1-4. 

Range: Previously known only from the Gulf 
of Fonseca, El Salvador. The present material 
extends the range four degrees southward to 
Panama City, Panama. 

Local Distribution: Locally abundant on tidal 
mud flats. Displaying males and adult females 
are occasionally found on muddy sand beaches, 
close to the edge of the mud flats. 

Supplementary Specific Characters: The present 
material agrees perfectly with the type descrip¬ 
tion, except that the presence of the short style 
on the eye, on the side of the major cheliped, 
proves to be of relatively rare occurrence, and of 
variable rarity in different colonies. At Golfito, 
Costa Rica, there was one styled male to 12 
stylcless individuals; at La Boca, Canal Zone, 
the ratio was only about one in 25 styleless 
males, but a few miles away, at Beliavista, 
Panama City, on exactly similar terrain, there 
were 26 with styles to 48 without, a ratio of about 
three to five. The presence or absence of styles 
has absolutely nothing to do with the size of the 
crab: the largest with a style measures 12 mm. 
long, the largest without, 16 mm.; the smallest 
with one is 2.9 mm. long, while the smallest 
without is also 2.9 mm. Likewise there is no 
question of damaged eyes involved. Finally, the 
individuals with and without styles indubitably 
belong to the same species: every other structural 
detail is identical, and likewise both coloration 
and display. Similarly there is no difference of 
habitat apparent. The explanation of the appar¬ 
ently adventitious occurrence of the style 
remains, as in U . insignis (p. 173), a mystery. 

In a typical styled example the carapace 
length is 10.5 mm., the style 1.44 mm., the 
cornea 1.73 mm., and the stalk (including cornea 
but excluding style) 6.72 mm. In all styled 
examples the proportions are about the same. 

Methods of distinguishing the female of U. 
heteropleura arc given in the key (p. 167). The 
alxlominal appendage of the male is distally 
slender and taj>ering, with a well developed arm, 
thicker than the extreme tip, arising near the 
latter. 

Color: Displaying males observed through 
binoculars: Carapace white. Major cheliped, 
externally: merua, carpus and upper half of 
manus purple; lower half of manus and base of 
pollex bright orange; tip of pollex and all of 
dactyl white; internally: upper inner side of 
merus and manus orange; otherwise much as 
externally. Ambulatories dark gray. Adult 
males on emergence at low tide are muddy 
brown, except the merus and manus of the major 
cheliped, which are yellowish-brown inside and 
out, and the fingers, which are white. Females 
plain dark brown or grayish-brown. 


Display: During display, the crab stretches up 
to tip-toe, lifting first and fourth ambulatories 
clear of ground, standing only on second and 
third. At the beginning, both cheiipeds are 
folded in front of mouth with the carpo-manus 
joint elevated higher than the manus and chelae, 
which hang downwards, clearing the ground. 
As the crab rises to its toes, both cheiipeds are 
extended, the manus and chelae being first 
stretched out sideward, then lifted by the action 
of merus and carpus. The cheiipeds are some¬ 
times opened all the wav, sometimes only 
partially, depending on the degree of excitement. 
In maximum display, reaching up as high as 
possible is the ultimate object, before the cheii¬ 
peds are brought down with a jerk and folded 
into position. Throughout display the chelae are 
held slightly open, parallel. Each display lasts 
from one-half to three-quarters of a second, with 
a pause between displays of about half that 
length of time, the speed and frequency varying 
with the degree of excitement. Each display 
takes place in one spot, but between gestures a 
few steps may l>c taken in either direction. 
More than one hundred displays have been ob¬ 
served in swift succession. The crab usually 
faces in one direction during the same series. 

A number of ovigerous females were seen in 
the Canal Zone and Panama in January and 
February, 1941, and males were actively display¬ 
ing at this time. The single ovigerous female 
taken carried about 3,000 eggs. In alcohol each 
has a diameter of .25 ram. 

Measurements: The 116 specimens taken in¬ 
clude the following extremes of length: largest 
male, 16 mm.; largest female, 10 mm.; ovigerous 
female, 6.5 mm.; smallest male, 2.9 mm.; 
smallest female, 4.3 mm. 

Burrow: In soft mud typical holes were re¬ 
markably shallow, slanting downward two inches 
from the surface, then, after a sharp bend, con¬ 
tinuing parallel to the surface for three inches 
more. 

Material: A total of 116 s])ecimens was taken 
at Golfito, Costa Rica, Bahia Honda and Panama 
City, Panama, and Bnll>oa, Canal Zone. In¬ 
numerable other examples were seen but not 
collected at the two latter localities. Cat. Nos. 
38,589, 38,698, 4137, 4138. 

Uca stylifera (Milne-Edwards, 1852). 

Text-fig. 5. 

(See also pp. 149, ISO, 153-156,159,160, 165,167). 

References: Gelasimus styhferus Milne-Edw&rds, 
1852, p. 145 (109), pi. 3, fig. 3. 

Uca stylifera f Rathbun, 1917, p. 383, pi. 134, figs. 
1 and 2. 

Range: Gulf of Fonseca, El Salvador, to Guay¬ 
aquil, Ecuador. 

Local Distribution: Usual habitat seems to be 
tidal mud flats, although courting males were 
found only on muddy sand beaches. 

Supplementary Specific Characters: Abdominal 
appendage of male slender, tapering and strongly 
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curved disfcally, No subterminal arm* Methods 
of distinguishing the female are given in the key 
(p. 167). Unlike U, heteropleura and U. insignia f 
every male seen of this species had a fully 
developed style. 

Measurements: The 24 specimens taken include 
the following extremes of length: largest male, 
17.5 mm.; largest female, 14.5 mm.; ovigerous 
female, 12.5 mm.; smallest male, 6.6 mm.; small¬ 
est female, 7.4 mm. Ocular style of smallest 
male, 3.4 mm.; stalk and cornea together, with¬ 
out style, 5.1 mm. 

Color: Displaying males, observed through 
binoculars: Carapace, including the sides, and 
buccal, pterygostomian and subhepatic regions 
pure white, except for a narrow band of dark 
purple on posterior edge of carapace. Major 
cheliped, external side: merus and carpus bright 
chrome yellow; manus orange, rarely rosy, with 
white tubercles, usually fading into white above; 
pollex brighter orange, dactyl pure white; internal 
side: pale yellow to salmon orange, except for 
lower half of manus and all pollex, which are 
pure orange. Merus and carpus of minor cheliped 
pale yellow; manus and base of chelae lemon 
yellow; tips of chelae orange. Ambulatories, 
except for anterior (ventral) side of certain meri, 
bright purple or lilac; anterior side of merus of 
first three on major side bright orange, the color 
fading into purple posteriorly; anterior side of 
merus of first two on minor side white, fading 
into purple posteriorly; rest of anterior faces of 
meri like posterior. Stalks and eyes greenish- 
yellow; styles clear lemon yellow. Sternum and 
abdomen apparently purple, the abdomen being 
marked with orange. 

Adult males, not displaying, but apparently 
approaching the courting season, when exposed 
to full sunlight, have the carapace and under¬ 
parts bright lemon yellow instead of white, and 
the colors of the major cheliped are paler than in 
displaying individuals. Males just emerged from 
their holes with the ebbing tide, captured males, 
and those far from the breeding season have 
carapace and eye-stalks pearl gray, while the 
other parts are dull brownish, grayish, purplish 
and yellowish, varying with the individual and 
circumstances. 

Adult females in breeding condition: Carapace 
purplish-gray to grayish-white; ambulatories 
deej? purple; manus and dactyls of chelipeds 
white; buccal, pterygostomian and subhepatic 
regions pale gray. 

Display: Body usually not elevated at all dur¬ 
ing display, and all legs kept on ground, al¬ 
though body is always held fairly high. Some¬ 
times, however, during display the crab stretches 
the anterior two paire of legs, so that the anterior 
part of the carapace is tilted up with them, while 
the posterior part is lowered on the bending pos¬ 
terior two pairs of legs. At the beginning of 
display, the merus and carpus of the major 
cheliped are usually held almost straight out at 
the side, the manus and chelae being bent for¬ 
ward from them at right angles, the whole cheli¬ 
ped being held well clear of the ground. The 


chelae are held parallel to each other, slightly 
open. Prom this position the crab raises the 
manus and chelae slowly and slightly, then 
lowers them to the original position equally 
slowly, without a pause, at the rate of one com¬ 
plete display to about three-quarters of a second. 
The display is repeated at once in continuous 
rhythm; when undisturbed the crab makes 
between thirty and fifty displays, usually about 
forty, at a time, hopping several steps in either 
direction, or to the front or back, with every 
gesture. Then it squats down and rests for about 
five seconds. The see-saw motion, brought about 
by stretching the front legs and lowering the 
back ones during display, mentioned above, may 
be inserted without apparent extra stimulus in 
the midst of a series of displays, or the entire 
series may be of the see-saw variety. When the 
crab becomes especially excited during a display, 
having aroused the attention of a female, it 
raises the second or third ambulatory simultane¬ 
ously on each side, not necessarily as a pair, as it 
extends its cheliped; they are held motionless 
for an instant, then lowered, and the other two 
members of the same two pairs repeat the per¬ 
formance. The effect is that of a definite, 
rhythmic dance step. During display the style 
remains erect and motionless* 


Breeding: It seems very likely that adult males 
and females of this species which are ready to 
breed come up from the mud flats on to the 
relative cleanliness and firmness of a muddy 
sand beach to court and mate. Young ones and 
dull colored, non-displaying males have been 
found only in the mud; on the muddy sand 
beach at La Boca, where courtship was observed, 
only brightly-colored males and full grown, yet 
non-ovigerous, females were found. On February 
9, 1941, the first U. xlylifera was observed at La 
Boca on the muddy sand beach, although the 
beach had been under observation for two weeks 
previously. He was in the bright yellow phase, 
and did not display. The next day there were 
five males and five females, all well separated, 
the males being at least six feet apart, and all in 
the yellow phase; the holes of the females were 
each at least three feet from those of the nearest 
males. The following day twice as many of each 
sex were counted in the same area, and one of the 
males now had the carapace pure white instead 
of yellow. In the days following, rouglily 12 
pairs were kept under observation. It appeared 
that during the first two to three days after their 
arrival on the beach the males would swing 
through the yellow into the pure white phase. 
When the latter was reached they began dis¬ 
playing. 


In the first week of display I could not see that 
any of the females paid the least attention, al¬ 
though the burrows of individual males and 
females showed an increasing tendency to be dug 
close to each other. Later on, during the second 
week, many serious courtships took place daily, 
although I saw actual pairing, on the surface, 
only once (see below). Often the female would 
allow the male to approach her, displaying all 
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the way, and stroke her at the edge of her hole 
(p. 156), only to disappear down it at the last 
moment; often, if a male tried frequently to drag 
a female from her hole after such withdrawal, she 
would wait until he had temporarily given up, 
and then plug up her hole for the rest of the day, 
even though the tide was still far out. More often 
still, a courtship which had reached a crucial 
stage would be interrupted by the approach of 
grackles or other birds. The male always ap¬ 
peared to use the greatest patience and gentle¬ 
ness, as though afraid that sudden motions or a 
show of force would ruin his chances. 

One male courted two females, with holes only 
a foot away from him and each other, indis¬ 
criminately for a week, apparently without 
success. When one of the females finally moved 
to the far side of the colony, the male continued 
to court the remaining one, regularly, for an hour 
or two a day. At the end of another week, when 
observations ceased, he was still adhering to the 
same routine; every day the procedure would 
reach the stroking stage several times, but I 
never saw them mate, or saw her approach his 
hole. It is interesting that his major claw was in 
the process of regeneration, being only about 
half normal size, and was pure white, like the 
carapace, instead of orange and yellow. His use 
of it in display, however, was in nowise different 
from that of uninjured crabs. 

The single mating I observed on the surface 
occurred after a large, exceptionally brilliant 
male had courted a female, with numerous inter¬ 
ruptions and false starts for at least three hours. 
The crabs assumed the position descril>ed on 
page 156, holding it for three minutes. 

Only once did I see a male of this species induce 
a female to approach his hole and actually enter 
it. It happened after at least four days of con¬ 
stantly interrupted and apparently futile court¬ 
ship, and after a prolonged display on the morn¬ 
ing when she finally approached his hole. (It is 
possible, of course, that she had entered also 
on previous days, but since I had that part of the 
beach under almost continuous observation dur¬ 
ing the daylight low tide at that period, it is 
certain that she did not remain long.) As soon 
as she entered his hole, the male followed. A 
few seconds later he emerged with a load of sand, 
which he dumped several inches away. He con¬ 
tinued to enlarge the hole with 33 additional 
loads over a period of 20 minutes. As he de¬ 
scended the last time he flipped in a plug after 
him, and, although the tide was dead low at the 
time, neither crab emerged the rest of the after¬ 
noon. The next day the male was feeding, and 
not displaying at all. He was in very poor color, 
the carapace being yellowish-gray where it had 
been dazzling white at correspondingly low tide 
for a week previously. The female was nowhere 
to be seen, and her hole, which had been about 
eighteen inches from that of the male for at least 
five days, was eradicated by the tide. The other 
five females in the vicinity, known to me indi¬ 
vidually, as were the above pair, by small natural 
recognition marks such as damaged chelae, nicks 


in the carapace, etc., were all present. I dug up 
the hole of the male, but she was not there either. 
Either she had moved to an entirely different 
part of the beach, or—and this explanation seems 
likely—she had gone down to the greater mois¬ 
ture ofthe mud flat to lay and carry her eggs. 

None of the females on the beach at La Boca 
was ovigerous. The single one in the collection 
was taken on a mud flat at Golfito, Costa Bica, 
in March. The eggs, which measured .21 mm. in 
diameter after having been preserved in alcohol, 
number about 20,000. 

Burrow: The holes of large specimens usually 
extend about 6 to 12 inches straight down, then 
turn at right angles and continue for several 
inches more. Less frequently, they slope down¬ 
ward from the mouth at an angle of more than 
forty-five degrees, and then turn sharply, ending 
in the usual way a few inches beyond the bend. 

At La Boca, displaying males sometimes oc¬ 
cupied the same burrows for at least three weeks 
at a time; observation stopped at the end of this 
period. Females on the other hand tended to 
shift their position and dig new burrows much 
more frequently. The general trend seemed to 
be for a female to move her burrow closer to, or 
farther from, a male who had been courting her, 
although these observations are as yet incom¬ 
plete. On the other hand, males too would 
sometimes move yards away, without any ap¬ 
parent reason, while individual females main¬ 
tained the same holes for days at a time. The 
center of the opening of a burrow, although 
destroyed completely twice daily by the tide, 
rarely varied so much as a quarter of an inch in 
position from day to day. 

Material: A total of 24 specimens was taken at 
Corinto, Nicaragua, at Golfito, Costa Rica, and 
at La Boca, Balboa, Canal Zone. Cat. Nos. 
3813, 38,589, 4136. 

Uca insignis (Milne-Edwards, 1852). 

Text-fig. 5. 

(See also pp. 149, 165, 168). 

References: Acanthoplax in&ignis Milne-Edwards, 
1852, p. 151, pi. 4, fig. 23. 

Uca insignis, Rathbun, 1917, p. 385, pL 161, figs. 
5—15. 

Range: Gulf of Fonseca, El Salvador, to Chile. 

Local Distribution: Found on open tidal mud 
flats and at edge of mangroves, among their 
shoots. 

Supplementary Specific Characters: Two of the 
males in the present collection have short styles 
on the eye, on the side of the major cheliped, 
exactly similar to those sometimes found on U . 
heteropleura. The style on the largest male 
(length 14 mm.) is 2.21 mm. long, and the cornea 
1,92 mm. The tip of the abdominal appendage 
is slender. 

Measurements: The four specimens taken con¬ 
sist of three males, 9 to 14 mm. long, and one 
very immature female, 8 mm. long. 

Material: All are from La Boca, Balboa, Canal 
Zone, and from Bella vista, Panama City, Pana¬ 
ma. Cat. Nos. 4139, 4140. 
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Uca pygmaea sp. nov. 

Text-figs. 4B, 5; Pl. I, Fig. 1; PI. II, Fig. 4. 

(See also pp. 140, 161, 166, 168). 

Diagnosis: Length under 6 mm. Carapace 
moderately convex; front behind eyes about 
30% maximum width of carapace; orbits ex¬ 
tremely oblique; antero-lateral margins slanting 
obliquely inwards immediately behind orbital 
angles, which are produced forward and outward 
into pronounced acute angles. Minor chelae 
serrated in middle half; gape moderate through¬ 
out to articulating tips; hairs scanty except for 
inner distal tuft. Major palm without oblique 
tuberculated ridge, which is represented only by 
a general scattering of granules; manus greatly 
swollen, but without a backwardly directed, 
infero-proximal projection on its outer side: 
dactyl about as long as palm. Merus of second 
maxillipeds with only about a dozen spoon-tipped 
hairs. Suborbital region densely hairy. 

Description: A very small species. H-forra 
depression shallow, regions not strongly deline¬ 
ated. Carapace smooth and naked except for a 
very sparse scattering of fine, short hairs. Hairs 
on legs few; several on each joint are long, bristle¬ 
like and dark brown at the roots. 

Carapace moderately convex, widest at antero¬ 
lateral angles. Upper margin of orbit extremely 
oblique, sinuous. Anterior part of lateral margin 
so short as to be almost non-existent, slanting 
strongly inward from the angle, then turning 
almost at once at an extreme obtuse angle, as the 
usual elevated line. This marginal line stops 
opposite the anterior part of the cardiac region. 
Sides of carapace concave, moderately convergent 
posteriorly. Front between posterior margins 
of eyestalks about 30% width of carapace. Lower 
margin of front entirely, that of orbit almost, 
invisible in dorsal view. Eyebrow broad, showing 
considerable variation in the degree of inclina¬ 
tion, even on opposite sides of the same crab. 
The lower orbital margin has crenulations 
strongly developed externally, but usually com¬ 
pletely absent internally. Suborbital region 
densely hairy. Third to sixth abdominal seg¬ 
ments of male partially fused. 

Spoon-tipped hairs on merus of second maxil¬ 
liped very few, about a dozen or less. Woolly 
hairs moderate in number, but not forming a 
conspicuous tuft on tip of palp. Ischium of third 
maxilliped with shallow central groove well 
developed, oblique, almost confluent basally with 
inner groove. 

Minor chelae about as long as palm, with 
fairly strong serrations in middle half; distal 
fourth corneous, dilated, the tips articulating 
perfectly; gape moderate, extending to articula¬ 
tion. Hairs sparse, in an irregular oblique row 
across inner surface of each finger, well developed 
only distally where about half a dozen on the 
inner tip of each chela are long and bristle-like. 

Large cheliped of male with arm and wrist 
weakly rugose, the wrist also tuberculous distally; 
distal upper edge of arm with two or three 
tubercles. Hand as deep as long, considerably 


swollen both externally and internally. A single 
row of dose-set tuberdes along lower margin. 
Dorsal crest present only as a rudimentary, non- 
tuberculous ridge. Coarse tubercles on the outer, 
upper Burface, continuing over on the rounded 
top as slightly smaller ones, and over onto the 
upper half of the inner surface as enlarged 
tubercles again. Middle outer and inner halves of 
manus finely granulous, lower parts practically 
smooth. Inner side of manus with oblique 
tuberculous ridge absent. A row of minute, 
close-set tubercles outlining dorsal margin of 
carpal cavity. A row of well developed tubercles 
extends along proximal half of upper margin of 
pollex and turns at a wide angle obliquely up¬ 
ward and backward along distal part of manus, 
merging with the coarse tuberdes of that area. 
The tuberculated ridge usually present on distal 
edge of palm across base of dactyl is represented 
only by two or three small tubercles. Dactyl 
about as long as palm, tuberculated dorsally in 
proximal region, curving downward beyond end 
of pollex. Pollex deeper basally than dactyl, 
triangular, the tip obliquely truncate. Gape 
moderately wide, prehensile teeth rudimentary 
except for several enlarged teeth on each edge, 
typically arranged as follows: two, well separated, 
near base of dactyl; one on distal third of dactyl; 
one near base of pollex; two on truncate tip of 
pollex. Triangular depression on outer base of 
pollex very pronounced. 

Merus of ambulatories scarcely enlarged. 

Abdominal appendage blunt with thick, short 
arm paralleling it, not protruding laterally, al¬ 
most reaching its tip. 

Measurements: Male holotypc: length 5.65 
mm., breadth 8.35 mm., base of manus to tip of 
pollex 10.84 mm. Twelve paratypes (all males): 
length 4.03 to 5.47 mm. In spite of their small 
size, the larger ones show every indication of 
being adult. 

Color: Captured males in life: Carapace bronzy 
brown, speckled or marbled with white. Large 
chelii>ed apricot buff to chestnut, except white- 
tipped chelae and grayish inner surfaces. Under¬ 
parts entirely grayish. Upper surface of ambula¬ 
tories grayish-brown, marbled with white. 

Affinities: This species appears to be most close¬ 
ly related to U. zacae (p. 175). It differs in the 
extreme obliqueness of the orbit, in the deeper, 
swollen palm with coarse granulation on its inner 
surface, and in the paucity of spoon-shaped hairs 
on the merus of the second maxilliped. More dis¬ 
tantly it is related to U, galapagenm , t/. mordax 
and U. brevifrons, sharing with them as with U. 
zacae the same general typo of tliird maxilliped, 
minor cheliped, male abdominal appendage, broad 
front and hairy suborbital region, but differing 
most obviously in the obliqueness of the orbits 
and the lack of an oblique tuberculated ridge on 
the inner surface of the major palm. 

Local Distribution: All 13 specimens were taken 
from the muddy banks of a fresh water stream. 
The burrows were two to three inches deep. 

Material: All were taken at Golfito, Costa Rica. 
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Cat. Nos. 381,110 (holotype) and 381,111 
(paratypes). 

The name pygmaea is proposed for this species 
because of its small size. 

Uca zacae sp. nov. 

Text-figs, 40, 5; PI. I, Fig. 2; Pi. II, Fig. 5. 

(See also pp. 149, 159, 166, 168). 

Diagnosis: Carapace moderately convex; front 
behind eyes slightly more than one-fourth maxi¬ 
mum width of carapace; orbits strongly but not 
extremely oblique; antero-lateral margins short, 
straight, anglea; orbital angles produced scarcely 
or not at all; minor chelae serrated in middle 
third; distal third corneous; gape moderate to 
articulating tips; hairs on inner surface plentiful. 
Oblique tuberculated ridge inside palm of major 
cheliped completely absent, or, rarely, repre¬ 
sented by several rudimentary tubercles; no 
backwardly directed, infero-proximal projection 
on outer side of man us; fingers about as long as 
palm. Merus of second maxillipeds with many 
(around 75) spoon-tipped hairs. Suborbital 
region hairy. 

Description: A small species. H-form depres¬ 
sion moderately deep; regions otherwise scarcely 
delineated; surface of carapace smooth, naked 
except for a pair of tomentous patches in the H- 
form depression, between the branchial and 
anterior cardiac regions. There are also a few 
short hairs scattered irregularly over the cara¬ 
pace; hairs on legs yellowish or brownish, and 
mostly soft, not stiff and black. 

Carapace moderately convex, widest at antero¬ 
lateral angles. Upper margin of orbit strongly 
oblique, especially m young, but not extremely 
so. Anterior part of lateral margins very short, 
usually straight, but sometimes somewhat 
rounded, sloping inward; the margin then turns 
at a very blunt, obtuse angle and is continued in 
a concave line to a point opposite the posterior 
portion of the cardiac region. Sides of carapace 
concave, moderately convergent posteriorly. 
Front between posterior margins of eyestalks 
slightly more than one-fourth width of carapace. 
Lower margin of front and lower edge of orbit 
visible in dorsal view. Eyebrow moderately 
broad and inclined. Lower margin of orbit with 
crenulations moderately developed externally, 
almost or completely lacking internally. Sub¬ 
orbital region hairy. Third to sixth abdominal 
segments in male partially fused. 

^ Spoon-tipped hairs on merus of second maxil- 
liped numerous, 55 to 85 or even more, arranged 
in about 9 to 11 rows, on distal three-fifths of 
inner edge. Woolly hairs moderate in number, 
not forming a conspicuous tuft on tip of palp. 
Ischium of third maxilUped with shallow central 
groove well developed, oblique, almost confluent 
with inner groove basally. 

Minor chelae with fairly strong serrations in 
middle third; distal third corneous, little dilated, 
the tips articulating fairly well; gape moderate, 
extending to articulation. Hairs plentiful in an 
irregular oblique row across inner surface of each 


Anger, longest and strongest distally; a similar 
row of shorter, fewer hairs externally. 

Large cheliped of male with arm rugose, and 
wrist weakly tuberculate. Hand at least once 
and a half times as long as broad with rows of 
tubercles—double above and single below— 
forming carinas on upper and lower margins; 
coarse tubercles distributed over upper, outer 
surface; rest of the latter smooth. Inner surface 
without oblique, tuberculous ridge, its usual 
position marked only by a perfectly smooth, 
elevated region, except in a few rare cases where 
several rudimentary tubercles are present. The 
upper margin of the carpal cavity is marked by a 
single row of closely set, small tubercles. A row 
of well developed tubercles extends from the 
proximal part of the upper margin of the pollcx 
up along the distal part of the manus until, near 
the dorsal margin, it splays out in a small cluster 
of tubercles. A short row of several very low 
tubercles, distal to this, parallels the base of the 
dactyl. Except for the tubercles and ndges 
described, the inner side of the manus is per¬ 
fectly smooth. Dactyl as long as, or slightly 
longer than, palm, tuberculated dorsally in 
proximal region, curving downward beyond tip 
of pollex. Latter more slender than dactyl, ob¬ 
liquely truncate. Gape moderately wide; a 
number of coarse teeth on each finger; three 
basal teeth of dactyl usually somewhat larger 
than adjacent ones; another tooth, two-thirds 
of way to tip, considerably enlarged; a similar 
one sometimes present on pollex, halfway to tip. 

Merus of ambulatories scarcely enlarged, more 
so in females tlian in males; that of third leg 
extends about a fifth, more or less, of its length 
beyond antero-lateral angle when laid forward. 

Abdominal appendage of male moderately 
blunt distally with a well developed arm extend¬ 
ing outwards from it at an oblique angle, termi¬ 
nating one and one-half times its own length 
from the tip. 

Measurements: Male holotype, length 6.9 mm., 
breadth 11.04 mm.; base of manus to tip of 
pollex, 15.1 mm.; largest female (paratype), 
length 6.05 mm., breadth 9.12 mm.; smallest 
male (paratype), length, 3.3 mm., breadth 4.8 
mm.; smallest female (paratype), length 3 mm., 
breadth 4.2 mm. 

Affinities: This species appears to be most 
closely allied to ( 7 . pygmaea (p. 174); its resem¬ 
blance to the young of U. maerodactyla is note¬ 
worthy (see p. 178). 

Range: Corinto, Nicaragua, to Golfito, Costa 
Rica. 

Local Distribution: The 34 specimens in the 
collection were taken in mangrove mud (Corinto) 
and on the muddy banks of fresh water streams 
(San Juan del Sur and Golfito). Twenty-eight 
of the specimens were taken at Golfito from a 
large colony. 

Material: The specimens were collected at the 
following localities: Corinto and San Juan del 
Sur, Nicaragua; Golfito, Costa Rica. Cat. Nos. 
381,112 (holotype male, Golfito); 381,113 (27 
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paratypes, males and females, Golfito); 381,114 
(2 males, 2 females, Corinto); 381,115 (2 males, 
San Juan del Sur). 

Tliis species is named in honor of Templeton 
Crocker’s yacht Zaca. 

Uca galapagensis Rathbun, 1002. 

Text-figs. 4D, 5. 

(See also pp. 149, 166, 167, 168). 

References: Uca galapagensis Rathbun, 1902, p. 
275, pi 12, figs. 1, 2; 1917, p. 403, text-fig. 167, pL 
142. Boone, 1927, p. 273 (port.), not fig. 97. 

Range: Galapagos Islands and Peru. 

Local Dwtoibution: Salt flats and around salt 
ponds. 

Supplementary Specific Characters: Merus of 
second maxiliipeds with 25 or less hairs having 
well developed spooned tips, but many more on 
which minute, rudimentary spoons can be dis¬ 
tinguished. Woolly hairs present in moderate 
numbers. Ischium of third maxilliped with 
shallow, central groove traceable in distal two- 
fifths. 

Minor chelae slightly longer than palm, with 
weak serrations in middle third or third quarter; 
distal third or quarter corneous, dilated, the tips 
articulating perfectly; gape moderate, extending 
to articulation. Hairs sparse, chiefly in an irregu¬ 
lar, oblique row on inner surface of each finger, 
longest distally; externally surface of fingers 
naked except for a few short rows of stumps of 
bristles near tip. 

Suborbital region sparsely to moderately 
hairy. 

Abdominal appendages of male moderately 
slender, abruptly i>ointed at tip; arm short, 
thick, parallel to appendage, not protruding 
laterally, terminating less than its own length 
from tip of arm. 

Material and Discussion: The four specimens 
in the collection of the Department of Tropical 
Research were all taken by the Harrison William 
Galapagos Expedition (1923) and have already 
been recorded by Boone (1927, p. 273). They 
consist of the following catalogue numbers: 

No. 2139. 2 males, lengths 4.4 and 4.9 mm. 
South Seymour Island. 

No. 2624. 2 males, lengths 9 and 11 mm, 
James Island. 

The other specimens referred by Miss Boone 
to this species prove upon reexamination to be 
distributed as follows: 

No. 2042. 1 male, length 11 mm. Eden Island: 
Should be referred to Uca macrodactyla (see p. 
178). This is the specimen figured in the upper 
half of fig. 97, p. 272 (Boone, 1927). The other 
small specimen catalogued under this number 
has completely disintegrated, and hence has been 
discarded. 

No Number. 1 female, length 11.5 mm. Cocos 
Island. Arcturus Oceanographic Expedition. 
Should be referred to Uca panamensis (see p. 
205). This is the specimen reproduced in the 


lower half of fig. 97. p. 272 (Boone, 1927). 
Glassell (1934, p. 453) has already suggested that 
U. panamensis might be involved in this figure. 

In her discussion of U. galapagensis^ Miss 
Boone states (1927, p. 274) that U . galapagensis 
digs chiefly at night or in “the cool of early dawn 
when the tide is out . . . The huge chela 
of the male, and in the case of the females, either 
chela, form the shovel with which the sand is 
rolled into a pellet which is clasped by the three 
hinder anterior ambulatory legs, while the crab 
climbs out of its burrow by using its front anterior 
ambulatory leg and chela and its four posterior 
ambulatories. . I have never seen U. 
galapagensis alive, but all of the twenty-odd 
other species of Uca which I have observed 
actually digging agreed with the observations of 
other students of the genus in being diurnal, in 
never using either cheliped as a shovel, and in 
almost always entering the hole with the minor 
side going first. 

Miss Boone goes on to say that “One of the 
uses of the ‘voice^ that is. the noise caused by 
the stridulating ndge of tne giant chela, is to 
warn other members of the species that their 
particular burrow is inhabited, a warning that is 
usually respected.” This sentence would be true 
of Ocypode gaudichaudii and others of that genus, 
and probably of £7. musica and some of its allies 
(see p. 165) as well, since these fiddlers have 
developed true stridulating ridges, in addition to 
the usual oblique, tuberculous ridges, with op¬ 
posable rows of tubercles on the first ambulatory 
legs. However, in U. galapagensis , as in most 
other fiddlers, there is only the usual oblique 
tuberculous ridge on the large cheliped, which is 
in no position to be used for stridulation, but 
merely, along with the other ridges, bounds the 
area folded upon the merus. 

Whatever the sources of Miss Boone’s state¬ 
ments, they were not the field notes of Dr. 
William Beebe, director of the Harrison Williams 
and Arcturus Expeditions, nor those of any of his 
staff. 

Uca mordax (Smith, 1870). 

Text-figs. 2, 3, 4E, 5. 

(See also pp. 149, 152, 157, 166,168). 

References: Gclasimus mordax Smith, 1870, p. 135, 
pi. 2. fig. 3: pi. 4. figs. 4 and 4a. 

Uca mordax Rathbun, 1917, p. 391, text-fig. 166, 
pi. 134, figs. 3 and 4. 

Range: Previously known from the Bahamas 
and Gulf of Mexico to Rio de Janeiro, and from 
the west coast of Mexico; questionably reported 
from Liberia. The present expeditions have 
extended the eastern Pacific range about 10 
degrees of latitude, from Mexico to the Gulf of 
Dulce, Costa Rica. 

Local Distribution: Found among mangrove 
roots and in the stony mud banks of both 
brackish and fresh water streams. 

Supplementary Specific Characters: Spoon- 
tipped hairs on merus of second maxilliped almost 
or completely lacking; woolly hairs moderate^in 
number. Ischium of third maxilliped with 
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central groove very broad, shallow, parallel to 
inner groove, with which it tends to merge 
basally, although it is scarcely traceable so far. 

Minor chelae about as long as palm with 
fairly strong serrations in middle third; distal 
third homy, dilated, the tips articulating per¬ 
fectly; gape slight, extending to articulation. 
Hairs sparse, absent on largest specimens except 
for a few stumps which are usually confined to 
the inner tip of each chela; in the young the 
distal liairs, as well as a few others along the 
usual inner oblique rows, are well developed, and 
there are in addition a few forming an external 
row. 

Suborbital region hairy. 

Abdominal appendage of male thick and blunt 
with a thick, short arm paralleling it, not pro¬ 
truding laterally, almost reaching its tip. Gono- 
I»ore of female marked by two or three small 
tubercles arising from its elevated margin. 

Measurements: The four .specimens taken are 
all males and include the following extremes of 
length: largest, 14.5 min., smallest 8.5 mm. 

Color: Captured, living males from muddy 
banks of fresh and slightly brackish streams, 
Negritos Island and Golfito, Costa Rica: Cara¬ 
pace brownish-black with fine white spots, or 
marbled chocolate brown and white; major 
chelipeds orange brown with distal part of manus 
orange, or entirely coral red; chelae yellowish- 
brown, or coral tipped with white. Ambulatories 
and minor cheliped dark brown, spotted with 
white, or buff except for coral red at base of 
merus. Underparts grayish-white. 

Discussion: Examination shows that four of 
the eight specimens referred by Boone (1929, p. 
581, fig. 17) to U. mordax are examples of U, 
rnarrodactyla f including the specimen illustrated 
in fig. 17a. The remaining four were never 
dejK>sited at the American Museum of Natural 
History, and their location is unknown. This 
group includes the two shown in fig. 17 b and c. 
It is almost certain, however, that the latter two 
should be referred to U. panamensis , as suggested 
by Glassell (1934, p. 454). 

Material: A total of four specimens was taken 
from San Juan del Sur, Nicaragua, and from 
Negritos Island and Golfito, Costa Rica. Cat. 
Nos. 381,116, 381,117, 381,118. 

Uca brevifrons (Stimpson, 1860). 

Text-figs. 4F, 5; PI. VII, Fig. 35. 

(See also pp. 149, 151, 166, 168). 

References: Gdasimus brevifrons Stimpeon, 1860, 
p. 292. 

Uca trevifrons, Rathbun, 1917. p. 393, pi. 138. 

Uca brevifrons vor. delicaia Maccagno, 1928, p. 
51, text-fig. 33. 

Gdasimus vocaior, Nobili, 1897, p. 6. 

Range: Lower California to Panama. 

Local Distribution: Found in the muddy and 
clayey banks of fresh water and brackish streams, 
close to the water level. It was collected at Port 
Parker at least thr& miles from the sea coast, in 


hilly country, far above tidal influence. At 
Golfito, on a morning after heavy rains, a large 
female was found on a tree trunk, five feet above 
the ground, in open jungle, many yards from the 
nearest stream. 

Supplementary Specific Characters: Spoon- 
tipped hairs on merus of second maxilliped very 
few, not more than about 20, usually far fewer, 
sometimes absent, apparently from being worn 
off; all are located on the upper inner half of the 
merus; the spoons are never large and broad. 
Woolly hairs abundant, often thickly fringing 
all margins of entire second maxilliped. Ap¬ 
parently of the same general type are hairs from 
which grow one or more clusters of tiny grape¬ 
like whitish globules. The number and distribu¬ 
tion of both these and the usual woolly variety 
are exceeding variable in individuals; neither sex, 
size, nor the degree of elongation and slenderness 
of the cheliped (see below) accounts for it. Is¬ 
chium of third maxilliped with shallow median 
groove well developed, confluent basally with 
inner groove. 

Minor chelae slightly longer than manus, with 
six to nine strong serrations or low teeth begin¬ 
ning almost at their bases and extending through¬ 
out their length as far as distal fourth, which is 
corneous, dilated, the tips articulating perfectly. 
Gape slight, extending to articulation. Hairs 
almost absent in large specimens, only several 
remaining of the usual oblique row along inner 
surface of each finger, and the terminal bristles 
being represented only by stumps. External hairs 
practically absent. In the young, as in those of 
U. mordax , hairs are more plentiful and longer. 

Suborbital region densely hairy. 

Abdominal appendage of male thick, blunt, 
with thick, blunt arm paralleling it, not protrud¬ 
ing laterally, and terminating almost at its tip. 
Gonopore of female opening near anterior margin 
of third sternal segment, marked by a single low 
tubercle. 

Measurements: The 48 si>ecimens taken include 
the following extremes of length: largest male, 
17 mm.; largest female, 18.5 mm.; ovigerous 
female, 15 mm.; smallest male 3.1 mm.; smallest 
female, 3,5 mm. 

Color: Living, captured specimens: Three large 
specimens taken in as many localities but in 
similar habitats showed great variation. The 
carapace of one male was dark brown, of the next 
cinnamon brown with fine, inconspicuous black 
inarblings; and of the third, the tree-climbing 
female mentioned above, brilliant coral red. In 
the first the major cheliped was coral pink with 
tips of chelae white; in the second it was brown, 
like the carapace, with only the movable finger 
brightly colored-apricot orange; in the third, 
the female, both chelipeds were coral red, like the 
carapace, except for the lower half of the major 
palm and all the chelae, which were white. 
Upper part of ambulatories of all three like 
their respective carapaces; underparts of body 
and ambulatories like carapace or paling to 
white. 
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Breeding: The single ovigerous female was 
taken in January, at Port Parker. The eggs, 
which measure .25 mm. in diameter after having 
been preserved in alcohol, number about 6,000. 
Small specimens, measuring between 3 and 6 
mm., were common on Negntos Island in March. 

Young: The smallest specimens have the cara¬ 
pace of practically adult appearance, except for 
the more oblique orbits; the major cheliped, how¬ 
ever, shows immaturity in the complete lack of a 
ridge on the inner side of the manus, although 
the triangular elevation is beginning to be ap¬ 
parent even in specimens of about 4 mm., and in 
the shortness of the fingers with narrow gape and 
numerous subequal teeth. The minor chelae arc 
hairier than in the adult, and the suborbital 
region less hairy. 

Burrow: The burrows were usually from one to 
two feet deep, entering the bank obliquely, or 
with a downward turn a few inches from the 
mouth; the bottoms were always under water. 

Food: At Port Parker several crabs were ob¬ 
served feeding on mammalian faeces on the bank 
of a fresh water stream. Elsewhere, however, 
mud pellets of the usual type were found around 
their holes. 

Discussion: Uca brevifrons var. delicata Mac- 
cagno, 1928, described from a specimen in the 
Turin Museum, was originally referred by 
Nobili (1897) to Gelasimus vocatur. Maccagno 
states that the major chelae are much more atten¬ 
uated than in typical U. brevifrons , and the granu¬ 
lation of the palm less pronounced. In the light, 
however, of present material, this cannot be con¬ 
sidered a valid variety. A single large cheliped in 
our collection was taken from Port Angeles, 
Mexico, in which the attenuation is midway 
between the “normal" and the delicata form. A 
specimen borrowed from the National Museum 
at San JosA Costa Pica, originally collected at 
Golfito, is anout identical with the Panamanian 
specimen illustrated by Maccagno, while one of 
the specimens catalogued under No. 19435 at the 
U. S. National Museum, from the Gulf of Dulce, 
Costa Rica, is equally or more attenuated than 
the Golfito specimen; in the same jar, under the 
same number and collected in the same locality, 
are examples of the typical and of intermediate 
forms. There is an almost equal amount of 
variation between individuals from the same 
locality in some of the specimens in the present 
collection. Neither Nobili nor Maccagno gives 
the length of the Panamanian specimen, but all 
those of the delicata type examined by me have 
been among the largest. The explanation of the 
differences is almost certainly either age or 
simple individual variation, or both. 

A specimen from Uvita Bay, Costa Rica, 9 
mm. long, is infested with Sacculina. 

Material: A total of 48 specimens was taken 
from Puerto Angeles, Mexico; from San Juan del 
Sur, Nicaragua; and from Port Parker, Negritos 
Island, Uvita Bay, Golfito and Parida Island, 
Costa Rica. Cat. Nos. 381,119,381,120,381,122, 
381,123, 381,124, 381,125, 381,126. 


Uca macrodactyla (Milne-Edwards k 
Lucas, 1843). 

Text-figs. 4G, 5. 

(See also pp. 149, 159, 166-168). 

References: Gelasimus macrodactylus Milne- 
Edwards & Lucas, 1843, p. 27; 1847, pi. 11, fig. 3. 

Uca inacrodactyluSf Itathbun, 1917, p. 404, pi. 143. 

Uca galapagensis , Boone, 1927, p. 271, fig. 97 
(part.). 

Uca mordax, Boone, 1929, p, 581, fig. 17a. (See 
Discussion on p. 177 of present paper.) 

Range: Guaymas, Mexico, to Valparaiso, 
Chile. Galdpagos (see below). 

Local Distribution: Found on tidal mud flats. 

Supplementary Specific Characters: Spoon-tip- 
l>ed hairs on merus of second maxilliped moder¬ 
ately numerous, usually l>etween about 60 and 
75, witli most of the spoons large, broad and well 
developed; all are located on distal half of merus 
on its inner margin; they are arranged in 8 to 10 
rows. Woolly hairs variable in number and 
arrangement, but generally abundant; the stems 
of many of the spoon-tipped hairs are usually 
woolly also. Ischium of third maxilliped with 
median groove rudimentary, present only dis- 
tally where it forms a marginal depression. 

Minor chelae slightly longer than manus, with 
middle half or less strongly serrated or toothed, 
and distal fourth corneous. Distal third dilated, 
the tips articulating perfectly. Gape slight, ex¬ 
tending to articulation. Long, soft hairs present, 
chiefly in an oblique row along inner margin of 
each chela, longest and most close-set distally. 
A row of similar hairs close to external margin of 
prehensile edge of each chela. Most of the hairs 
on the chelae in any row are grouped into short 
lines of three or four each. 

Suborbital region naked, except for a few hairs 
immediately behind crenulated anterior margin. 

Abdominal appendage of male moderately 
slender, tapering abruptly distally to a i>ointed 
tip. Arm short, blunt, paralleling main stem, 
not protruding laterally, terminating about its 
own length from tip. 

Size: The 28 specimens taken include the fol¬ 
lowing extremes of length: largest male, 11 mm.; 
largest female, 9 mm.; smallest male, 4.5 mm.; 
smallest female, 4 mm. No ovigerous females 
were seen. 

Color: Living, captured males: plain dull 
brown, except for the major cheliiied, which is 
whitish. 

Young: The smallest specimens taken differ 
from the adults most noticeably in the more 
oblique orbits, lack of an oblique ridge on the 
manus of the major cheliped, and short fingers 
with slight gape. On the other hand, they bear 
a remarkable resemblance to specimens of E7. 
zacae f and care is needed to distinguish the two. 
Young macrodactyla have the orbits less oblique, 
the fingers shorter than the palm, and the merus 
of the ambulatories of both sexes dilated, while 
the details of the grooving of the third maxilliped 
and the form of the abdominal appendage are 
helpful checks in dubious cases. 
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Discussion: The major chelae vary consider¬ 
ably in length even in adults. Long-fingered 
examples have been compared with specimens in 
the U. S. National Museum which were included 
by Miss liathbun in material for her monograph 
(1917). Although her illustrations were taken 
from a shorter-fingered example, the museum 
specimens include forms identical with ours. The 
differences, as in the similar case of U. brevifrons , 
are doubtless explained either by simple indi¬ 
vidual variation or, more probably, by the 
greater age of the long-fingered specimens. 

A reexamination of the specimens referred by 
Boone (1927, p. 271 ff., fig. 97) to U. galapagensis 
shows that one male, 11 mm. in length (No. 
2042), from Eden Island, GalApagos, is an ex¬ 
ample of 17. macroductyla and not of U. pana - 
mends , as suggested by Glassell (1934, p. 453). 
Although this Galiipagos example of macro - 
daetyla differs slightly from the typical mainland 
form, especially in having a slightly broader front 
and more projecting orbital angles, the distinc¬ 
tions seem too slight to be used as the basis for 
establishing a new form, particularly since only 
the single specimen has been taken. 

Material: In addition to the Gal&pagos ex¬ 
ample mentioned above, a total of 28 specimens 
was taken from Tenacatita Bay, Mexico (1 young 
male, Cat. No. 381,127) and Corinto, Nicaragua 
(Cat. No. 381,128). 

Uca tomentosa sp. nov. 

Text-figs,. 411, 5, f>. 

(See also pp. 149, 16G, 108). 

Diagnosis: Carapace strongly convex, but not 
semi-cylindrical; front between eyes (measured 
l>etwcen posterior margins of cyestalk bases) one 
sixth or less maximum width of carapace; 
antero-lateral margins short, straight, angled. 
Minor chelae strongly serrated in middle half, 
tips widely dilated, perfectly articulating; gape 
very slight or absent in distai two thirds. Major 
palm with oblique ridge well developed, continued 
to upper margin. No spine on carpus of major 
cheliped. Merus of ambulatory legs enlarged. 
Short, nap-like pile in reticulated pattern on 
carapace; black, stiff, isolated hairs on carapace 
and legs. 

Description: A small species. H-form depres¬ 
sion shallow, regions scarcely delineated; surface 
smooth, with short, thick, brownish, nap-like 
tomentum on branchial regions in a reticulated 
pattern of varying extent; sometimes it partly 
covers also the mesogastric, cardiac and hepatic 
regions. Major carpus similarly pilose^ especially 
on upper edge and at articulation with manus. 
Isolated, stiff black hairs of various lengths are 
scattered sparsely on carapace, sternum, abdo¬ 
men, eyestalks, undersides of ischia and meri of 
minor chelipeas end ambulatories, and on all 
sides of carpi and mani in both sexes; in the male 
several very short, black hairs occur near the 
articulation of the major carpus and manus. 

Carapace widest at antero-lateral angles, 
Anterior part of lateral margins very short. 


straight, only about three-fifths width of front 
between eyes, and scarcely convergent; the mar¬ 
gin then turns at an obtuse angle and is continued 
in a concave line to a point opposite middle of 
cardiac region. Sides of carapace concave, 
scarcely convergent posteriorly. Front between 
eyes one-sixth or less width of carapace. Lower 
margin of front invisible, that of orbit visible, in 
dorsal view. Eyebrow moderately broad, little 
inclined. Upi>er margin of orbit moderately 
oblique, sinuous; antero-lateral corner a right 
angle. Lower margin of orbit crenulated 
throughout. Suborbital region naked except for 
a single row of short hairs along crenulated 
margin. All abdominal segments distinct. 

Si>oon-tipped hairs of second maxilliped 
moderately numerous, numl>ering about 30 to 45, 
arranged in six or seven rows on anterior half of 
inner edge of merus. Woolly hairs plentiful, in 
a conspicuous group on tip of palp and along 
distal inner edge of merus, as well as in the more 
usual localities. Ischium of third maxilliped 
with central groove represented only by a rudi¬ 
mentary depression in distal margin; basally the 
ischium is much flattened, almost concave. 

Minor chelae strongly serrated or toothed in 
middle half; distal fourth corneous, widely di¬ 
lated, the tips articulating perfectly; gape in 
basal portion slight, decreasing abruptly so that 
distal two-thirds are almost or quite in contact; 
an oblique row of groujxid hairs on inner surface 
of each chela well developed, especially distally. 
External surface of chelae almost or completely 
hairless. 

Large cheliped of male with arm and wrist 
faintly rugose. Hand not much longer than 
broad, with a low carina above; upj>er outer 
surface with coarse tubercles; rest of outside 
smooth. Inner surface with an oblique ridge of 
strong tubercles extending obliquely upward from 
base of pollex to carpal cavity, and continued by 
weaker tul>ercles around cavity to upper margin. 
Carpal eminence moderately high. A weaker, 
broken, tuberculated ridge extending from upper, 
proximal side of pollex to point on manus oppo¬ 
site middle of dactyl base. A third row of about 
six still weaker tubercles, distal to the end of the 
latter series, parallels the articulation of manus 
with dactyl. Upper, inner side of manus with a 
few tubercles; except for these and the tubercu¬ 
lated ridges, the inner surface is smooth. A row 
of tubercles extends along outer upper edge of 
pollex and its base. Dactyl slightly longer than 
palm, gape moderately slight, fingers not very 
slender, with many similar, tubercular teeth; 
only one is enlarged, located slightly beyond 
middle of prehensile edge of dactyl. Proximal 
half of dactyl tuberculated dorsally; a longitu¬ 
dinal row of tubercles on its outer surface, just 
above prehensile edge, extending three-fourths 
of distance lo tip; a similar ridge on inner surface. 

Merus of ambulatories much enlarged; that of 
third leg extends very slightly beyond antero¬ 
lateral angle when laid forward. 

Abdominal appendage of male with tip and 
arm both moderately slender, the arm terminat- 
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ing a little more than its own length from tip of 
appendage, and extending slightly outward from 
it. 

Measurements: Male (holotype): length of 
carapace, 6.6 mm., breadth 10,2 mm.; base of 
manus to tip of pollex 14.6 mm.; largest female 
(paratype): length of carapace 7.3 mm., breadth 
11.9 mm.; ovigerous female (paratype): length 
of carapace 6.24 mm., breadth 9.7 mm. The 
two remaining specimens, both non-ovigerous 
females (paratypes), measure 5.6 and 0.1 mm, in 
carapace length, respectively. 

Affinities: In general characteristics this species 
seems to be most closely related to U. thayeri, 
although its straight, angled, antero-lateral 
margins, little convergence posteriorly, broader 
fingers with narrower gape and differently 
formed prehensile teeth, its black hairs and 
smaller size all distinguish it. The similarity of 
carapace pile in the two species is notable. It also 
has affinities to ( 7 . umbratila (see below). 

Material: A total of five specimens, including 
an apparently adult male (the holotype), one 
ovigerous female (paratype) and three non- 
ovigcrous females (paratypes) were taken from 
clay-like mud fiats among mangroves at Punta- 
renas, Costa Rica. Cat. Nos. 381,132 (holotype) 
and 381,133 (paratypes). 

The name tomcntosa is given to this species 
because of the distinctive pile on the carapace. 

Uca umbratila sp. nov. 

Text-tigs. 41, 5, 7; PI. VII, Fig. 34. 

(See also pp. 149, 159, 166, 168). 

Diagnosis: Carapace moderately convex; front 
l>etween posterior margins of eyestalk bases 
about one-ninth maximum width of carapace; 
antero-lateral margins moderately short, straight; 
carapace little convergent posteriorly; merus of 
ambulatory legs greatly enlarged. Minor chelae 
strongly serrated in distal two-thirds, the serrated 
portions in contact when chelae are closed; tips 
widely dilated, articulating perfectly. Oblique 
ridge inside major palm well developed, con¬ 
tinuing to upi>er margin, but weak in upper 
j>ortion; a strong carjwd spine; palm massive; 
fingers broad, compressed, gape slight. 

Description: A large species. H-form depression 
shallow, regions of carapace poorly delimited. 
Carapace smooth and naked. Greatest width at 
antero-lateral angles. Anterior part of lateral 
margins straight, little convergent (sometimes 
one side is very slightly convex), short, only about 
lialf again as long as width of front between the 
eyes; the margins then turn at obtuse angles and 
are continued in concave, rather strongly con¬ 
vergent lines to points opposite middle of cardiac 
region. Sides of carapace concave, scarcely con¬ 
vergent. Front between eyes contained about 
9.5 times in width of carapace; a transverse, 
marginal ridge or line is far removed from distal 
edge. Lower margin of front strongly bent down, 
invisible in dorsal view. Eyebrows moderately 
broad; upper margins of orbits scarcely oblique, 
sinuous; antero-lateral comers acute angled, 
projecting forwaid; lower margins of orbits 


crenulated throughout, visible from above* 
Suborbital region naked except for a single row of 
short hairs along crenulated margin. Ail ab¬ 
dominal segments distinct. 

Spoon-tipped hairs on merus of second maxil- 
liped moderately numerous, about 30 to 40, 
arranged in six to eight uneven rows on distal 
half of inner edge; many of the spoons are very 
small in this species. Woolly hairs numerous, 
including a conspicuous tuft on tip of palp. 
Ischium of third maxilliped with central groove 
represented only by a tiny shallow depression on 
anterior margin; basal portion of ischium much 
flattened, somewhat concave. 

Minor chelae slightly longer than palm, 
strongly serrated in median third, tills portion 
being in contact when chelae are closed; gape 
basal to this slight; corneous tips widely dilated, 
articulating perfectly; a row of long hairs, longest 
distally, on inner side in short groups; a row of 
short hairs along outer surface, near prehensile 
edges; a fringe of hairs along profiles. 

Large cheliped of male with arm strongly ru¬ 
gose, dorsally finely tuberculate. Wrist tubercu- 
late externally; internally, at lower edge of 
articulating ridge, is a strong, conspicuous tooth. 
Hand considerably longer than broad, quadri¬ 
lateral, with a carina above and below, the upper 
one overhanging the carpal cavity proximally. 
Entire outer surface of hand coarsely tuberculate, 
the tu!>crcles being larger dorsally. Inner surface 
of palm with an oblique, strongly tuberculated 
ridge from base of pollex to carpal cavity; from 
there it continues upward at about a right angle 
almost to upper margin, where it breaks up into 
an irregular scattering of tubercles, the most 
proximal of which technically continue the ridge 
to the upper margin. A second strong tubercu¬ 
lated ridge extends from upper proximal side of 
pollex, close to distal edge of manus up to a point 
on manus opposite upper part of dactyl base. 
A third ridge of five strong tubercles, distal to end 
of the latter series, lies parallel l>etween it and 
articulation of manus with dactyl. Space be¬ 
tween carpal cavity and base of dactyl weakly 
tuberculated, in addition to tul>erclee of the 
three ridges; inner surface of manus otherwise 
smooth; carpal eminence moderate. A row of 
tubercles extends along outer upper edge of 
pollex and its base. Fingers broad and flattened; 
gape very slight. Dactyl slightly longer than 
aim, its abruptly constricted tip having, in the 
olotype, been regenerated, or damaged while 
still soft. In immature males the dactyl tapers 
and curves slightly downward distally, in the 
usual fashion. Prehensile tubercles similar, 
larger proximally than distally, except for one, 
much enlarged, on pollex, one-third of distance 
from its base. Proximal half of dactyl tubercu¬ 
lated proximally and externally. \ longitudinal 
row of small tubercles on its outer surface just 
above prehensile edge, extending almost to tip; 
a similar, but shorter, row on inner surface. 
Proximal halves of dactyl and pollex noticeably 
excavated, the deepest hollow being triangular, 
at junction of manus and pollex. 
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Text-figure 7. 

Uca umbrattla, holotype. Length of carapace 17.5 mm. A, dorsal view; B, major cheliped, 
inner view; C, same, outer view. 
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Merus of ambulatories much enlarged, more 
pilose in female than in male on upper (posterior) 
margins; merus of third leg extends very slightly 
beyond antero-lateral angle, when laid forward. 

Abdominal appendage of male with tip and 
arm both moderately slender, tapering distally, 
the arm terminating a little more tlian its own 
length from the tip of the appendage, and extend¬ 
ing slightly outward from it. 

Measurements: Male (holotype): length of cara¬ 
pace, 17.5 mm., breadth 29 mm., base of manus 
to tip of pollex 48 mm.; female (paratype): length 
of carapace 19.5 mm., breadth 30 mm.; smallest 
male, length 3.65 mm.; smallest female, length 
3.17 mm. 

Color: Immature males and females observed 
through binoculars: dark gray-brown all over, 
except distal part of major manus, and all of 
dactyls, outsiae and in, which are all yellowish- 
white. 

Young: The carapace and upper surface of the 
ambulatories of specimens up to a length of about 
10 mm. are densely covered with short pile. Even 
in the smallest the orbits are scarcely oblique. 
The front is relatively wider than in adults, and, 
as usual, the inner surface of the major palm is 
smooth and the fingers short. The carpal tooth 
is undeveloj>ed in the smallest. The tips of the 
major chelae are semi-spooned and haired, 
similar to the minor chelae. These young were 
all taken at La Boca, in January and February, 
when they were very abundant; not a single 
adult was seen at this time. 

Affinities: This species is most closely related 
to U. thayeri Rathbun from the Atlantic and U . 
tomentosa (p. 179) from the Pacific. The general 
shape of the carapace, the narrowness of the 
front, and the breadth and tomentosity of the 
ambulatories are similar in all. U. umbraiila has 
the orbits less oblique than the other two ; how¬ 
ever, lacks tomentum on the carapace in the 
adult, has a narrower front, and has a carpal 
tooth. It differs further from V. thayeri in the 
more definitely angled antero-lateral margins 
with projecting antero-lateral angles, in the 
broader, natter fingers of the major chcliped, in 
their smaller gape, and in the rougher merus, 
carpus and manus. 

Range: From Puntarenas, Costa Rica, to 
Balboa, Canal Zone. 

Local Distribution: All were found in deeply 
shaded mangrove mud. The male holotype and 
large female paratype were taken at Puntarenas 
in a single hole. 

Material: The 37 specimens were distributed 
as follows: holotype male (Cat. No. 381,129) and 
one paratype female (Cat. No. 381,130) from 
Puntarenas, Costa Rica; one adult female, in 
very poor condition (Cat. No. 381,131), from 
Ballenas Bay, Costa Rica; 34 young, males and 
females (Cat. No. 4118) from La Boca, Balboa, 
Canal Zone. 

The name umbratila is given to this species 
because all of the specimens were taken in deep 
shade. 


Uca argillicola sp. nov. 

Text-figs. 4J, 5; PI. I, Fig. 3; PI. II, Fig. 6. 

(See also pp, 149, 161, 166, 168). 

Diagnosis: Carapace strongly convex, but not 
semicylindrical; front behind eyes about a fifth 
maximum width of carapace; orbits strongly 
oblique; antero-lateral margins extremely short, 
almost non-existent, continuing backward and 
inward as an elevated line almost immediately 
behind orbital angle, which is produced slightly 
forward and outward into an acute angle. 
Minor chelae strongly serrated except for homy 
tips, gape very slight, hairs scanty except for 
inner distal tuft. Oblique tubcrculated ridge 
inside major palm absent, represented only by a 
scattering of granules; no backwardly directed, 
infero-proximal projection on outer side of manus, 
although the manus as a whole is somewhat 
swollen externally; palm deep, fingers shorter 
than palm. Merus of second maxilliped with 
about 50 to 60 spoon-tipped hairs. Ruborbital 
region deeply depressed, almost naked. 

Description: A small species. II-form depres¬ 
sion very shallow’; regions scarcely delineated; 
carapace smooth and naked. Hairs on legs 
sparse, soft and brown. 

Carapace very convex, but not semi-cylindri¬ 
cal; widest at antero-lateral angles. Anterior 
part of lateral margins so short as to be almost 
non-existent, turning inw r ard and backward in 
the form of the usual ridge practically at the 
antero-lateral angle; there may l)e slight varia¬ 
tion in this character on two sides of the same 
crab. The marginal line stops opposite middle of 
cardiac region. Sides of carapace concave, 
moderately convergent posteriorly. Front be¬ 
tween posterior margins of eyestaiks about one- 
fifth width of carapace. Eyebrow broad, almost 
as broad as adjacent portion of eyestalk. The 
low’er orbital margin has fine, low r , blunt crenula- 
tions throughout its length. Suborbital region 
deeply depressed, naked except for one or two 
rows of hairs immediately l)ehind crenulated 
margins. All abdominal segments distinct. 

Spoon-tipped hairs on merus of second maxil¬ 
liped about 50 to 60, arranged in about six or 
seven rows, present on slightly more tlian distal 
half of inner edge. Woolly hairs moderately few 
in number. Ischium of third maxilliped with 
central groove represented ouly by a marginal 
depression. 

Minor chelae slightly longer than palm, with 
strong serrations or teeth throughout its length, 
except for a variable, very short distance proxi- 
maily and the usual corneous distal fourth or 
fifth. Distal third dilated, the tips articulating 
perfectly. Gape very slight. An oblique row of 
sparse hairs on inner surface of each finger, 
thickening in length distally; a few very short 
hairs externally near prehensile cages. 

Large chcliped of male with arm rugose, and 
wrist weakly rugose and tuberculated. Hand 
somewhat swollen externally, once and a third 
times as long as broad, with a low, tuberculated 
crest on the upper, and a row of tubercles along 
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the lower margin; fine tubercles, largest dorsally, 
are distributed over the outer surface. Inner 
surface without an oblique, tuberculated ridge: 
the latter is represented only by an irregular band 
of scattered granules. Upper margin of carpal 
cavity bounded by a single, elevated row of 
minute, close-set tubercles. A row of well- 
developed tubercles extends along the proximal 
half of upper margin of pollex and turns ob¬ 
liquely upward and back along distal part of 
raanus, terminating in a cluster of fine tubercles 
a short distance from dorsal margin. Distal to 
this, a short row parallels base of dactyl. There 
is a scattering of fine granules across upper, inner 
surface of palm. Dactyl slightly shorter than 
palm, tuberculated dorsally, in proximal region, 
curving downward beyond tip of pollex. Both 
dactyl and pollex are rather deep. Tip of pollex 
obliquely truncate and denticulated. Gape 
moderate; prehensile edges with low, blunt, 
similar teeth, except for the enlarged, basal tooth 
of the dactyl, and two others opposite dorsal end 
of pollex. 

Merus of ambulatories moderately enlarged in 
both sexes; that of third leg extends between a 
fourth and less than a fifth of its length beyond 
antero-lateral angle when laid forward. 

Abdominal appendage of male moderately 
slender, tapering distally to a rounded tip; arm 
well developed, projecting at an angle of almost 
45 decrees, terminating about one and a half 
times its own length from tip of appendage. 

Measurements: Male holotype, length 7.8 mm., 
breadth 12.2 mm., base of manus to tip of pollex, 
13 mm.; female paratype, length 7.3 mm., 
breadth 10.75 mm.; female paratype, length 
5.57 mm., breadth 8.45 mm. 

Color: Living specimens, observed before cap¬ 
ture: clear, creamy white except that the entire 
dorsal portions of both chelipeds in both sexes 
are apneot buff. The color blended well with the 
yellowish-white clay bank in which they lived. 

Affinities: This species appears to be a primi¬ 
tive form related on the one hand to U. pygmaea 
and its allies and on the other to the group con¬ 
taining U. oerstedi and related forms. Its strongly 
serrated minor chelae and narrow front distin¬ 
guish it at once from members of the first group, 
while its oblique orbits and lack of a ridge on the 
major cheliped differentiate it from the second, 
as well as from the more distantly related U. 
tomentosa and U. unibratila. 

Local Distribulion: The three specimens in the 
collection were taken from yellowish-white clay 
banks above a slightly brackish stream. The 
burrows were about three inches deep. The crabs 
were observed to be feeding by sifting organic 
matter from the clay at the mouths of their 
burrows in typical fiddler fashion. 

Material: All were taken at Golfito, Costa 
Rica. Cat. Nos. 381,134 (holotype) and 381,135 
(paratypes). 

This species is named argiUicala in reference to 
its occurrence in white clay. 


Uca oerstedi Rathbun, 1904. 

Text-figs. 2, 3, 4K, 5. 

(See also pp. 149, 153, 154, 159,166, 169). 

References: Uca oerstedi Rathbun, 1904, p. 161; 
1917, p. 414, pi. 152, figs. 1 and 2. 

Range: Previously known only from the type 
material, taken at Puntarenas, Costa Rica; the 
specimens in the present collection were taken in 
Panama and the Canal Zone. 

Local Distribution: Common in February on 
open mud flats at Old Panama, near the mouth 
of a stream; uncommon at La Boca, Canal Zone, 
on open mud flats and among unshaded man¬ 
grove shoots. 

Supplementary Sped fie Characters: A variable 
amount of pile is present near center of carapace, 
usually in two large patches, in all specimens in 
this collection. The larger male paratype ex¬ 
amined at U. S. National Museum, however, 
had no pile. 

Well developed, spoon-tipped hairs on merus 
of second maxiiliped numbering less than 20, 
usually less than 15. Woolly hairs present in 
moderate numbers. Ischium of third maxiiliped 
with central groove represented only by a well 
developed, distal, marginal depression. 

Minor chelae slightly longer than palm, 
strongly serrated or toothed at least in middle 
third; distal third dilated, homy, the tips articu¬ 
lating perfectly. Gape in basal third slight; 
prehensile edges of distal two-thirds almost in 
contact. Obliaue row of hairs along inner margins 
well developed, longest and strongest distally, a 
few very short hairs externally near prehensile 
edges, and along profiles. 

Maximum width of eyebrow less than that of 
adjacent section of eyes talk. Suborbital region 
depressed, naked except for a row of hairs 
immediately behind crenulated margins. 

Abdominal appendage of male moderately 
slender, the distal fifth curved strongly forward, 
scarcely tapering distally. Arm absent, repre¬ 
sented only by a few bristles arising from a shelf 
slanting obliquely toward base of appendage, at 
point where appendage bends sharply, about 
four-fifths of distance to tip. 

Measurements: The 21 specimens taken include 
the following extremes of length: largest male 
7.2 mm.; largest female (ovigerous), 6.8 mm.; 
smallest male, 3.1 mm.; smallest female, 3.74 mm. 

Color: Displaying males observed through 
binoculars: carapace, backs of ambulatories, 
buccal region, and upper and outer surfaces 
of all of major cheliped except dactyl dull plum 
purple. Dactyls of both major and minor cheli¬ 
peds white inside and out. All remainder of inner 
surface of chelipeds, pterygostomian and sub- 
hepatic regions, and anterior (ventral) surface of 
ambulatories turquoise blue, the anterior sides 
of meri being brightest of all, approaching pea¬ 
cock blue. 

Display: Body held fairly high, all ambula¬ 
tories remaining on ground* Large cheliped, from 
rest position flexed in front of mouth, opens 
slowly outward and slightly upward, the minor 
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cheliped meanwhile performing a similar motion. 
With no pause but a slight downward jerk, they 
are returned in the same plane to the crooked 
position. There is a short rest before the display 
is repeated. Including the rest, each display lasts 
about one and a half seconds. Several steps to 
one side or the other are sometimes taken, the 
crab usually coming slowly around the hole 
during a series of displays or, if he stays in the 
same place, the anterior ambulatories are vi¬ 
brated in the midst of each display, when the 
chelipeds are widely spread, so that the peacock 
blue of the quivering meri is most conspicuous. 

Breeding: Males were seen displaying and 
females showing interest throughout February 
in Panama. A smgle ovigerous female was taken, 
although others were seen. The eggs, after being 
preserved in alcohol, measure .25 mm. in diam¬ 
eter and number about 4,000. 

Material: A total of 21 sj>ecimens was taken at 
La Boca, Balboa, Canal Zone, and at Old 
Panama, Panama. Cat. Nos. 4110 and 4120. 

Uca inaequalis Rathbun, 1035. 

Text-figs. 4L, 5; PI. II, Figs. 8, 9; PL III, Fig. 12. 

(See also pp. 149, 153, 165, 166, 169). 

Reference' Uca inaequalis Rathbun, 1935, p. 52. 

Range: Previously known only from the holo¬ 
type, taken at Guayaquil, Ecuador. The present 
collection was made between Corinto, Nicaragua, 
and the Canal Zone. 

Local Distribution: Found in mud among man¬ 
groves and, more rarely, in open tidal mud flats. 

Supplementary Spedfic Characters: The present 
material has been compared with the holotype at 
the U. S. National Museum and found to agree 
l>erfpctly. In the light of these additional 50 
specimens, Miss Rathbun's preliminary descrip¬ 
tion may be amplified as follows: 

There are usually 12 or more, rather than 8, 
pilous elevations on the carapace in the male. 
In the female these elevations are less well devel¬ 
op and usually almost naked. In both sexes, 
but especially in the male, single hairs are ir¬ 
regularly scattered, very sparsely, over the 
carapace. Carapace only moderately convex. 
Front l>ehind eyes slightly less than one-third 
width of carapace; orbits little oblique; antero¬ 
lateral margins straight, continuing backward 
with an angular turn; carapace moderately con¬ 
vergent posteriorly. Front entirely visible in 
dorsal view; eyebrow not nearly as wide as 
adjacent portion of eyestalk. Lower margin of 
orbit projecting, entire, except for several wide 
teeth, variable m size and number, on excavated, 
external portion. Suborbital region naked except 
for a few short hairs usually occurring just behind 
orbital border. Abdominal segments distinct. 

. Spoon-tipped hairs on racrus of second maxil- 
liped about 35 to 25. Woolly hairs moderatelv 
abundant. Ischium of third maxiliiped with 
central groove represented only by a distal 
marginal depression. 

Minor chelae almost once and a third times 


length of palm, very slender, strongly serrated or 
toothed in third and fourth fifths; distal fifth 
dilated, homy, the tips articulating perfectly. 
Gape slight as far as serrations, practically non¬ 
existent thereafter. Both chelae covered sparsely 
with short hairs. Among these, the usual oblique 
row on inner face of each chela is not conspicuous 
except for the elongated distal hairs. 

In the major cheliped, anterior half of carpus 
and posterior part of manus densely clothed ex¬ 
ternally with short pile, as is outer side of proxi¬ 
mal two thirds of gape between chelae. Tubercu- 
lated ridge on inner surface of palm continuing 
only to carpal cavity, very oblique, running 
almost parallel to lower margin of manus; a 
rudimentary ridge on palm parallel to base of 
dactyl, then continuing down and out along upper 
inner edge of pollex as a well developed row of 
tubercles. Upper margin of palm distinctly bent 
over and flattened. Upper, outer portion of 
palm and upper, proximal part of dactyl with 
fine, rudimentary granulation. Inner, lower, 
proximal face of manus coarsely granulated. 
The granules, although not arranged in a linear 
series as in the stridulating ridges of U. rmmea 
and U. terpsichores, are nevertheless similarly 
complemented by a sometimes irregular row of 
seven to nine granules on carpus of first ambu¬ 
latory on side of major cheliped; on distal end of 
merus of same ambulatory there are in addition 
usually three or four granules arranged in an 
angle or curve. The entire apparatus is similar 
to that found in limicola and deichmanni } but is 
better develojjed. 

Major dactyl slightly longer than palm, 
curving distally over tip of flattened, triangular 
]>ollex; gape slight, with many similar, tubercu¬ 
lar teeth, of which one on each finger, slightly 
beyond middle, is enlarged. Merus of ambula¬ 
tories slightly enlarged in both sexes; in the male, 
that of the third extends about one-third its own 
length beyond antero-external corner of orbit 
when leg is laid forward, but in female only about 
one-fourth or one-fifth of its length. 

Abdominal appendage of male slender, tapering 
distally, with arm completely lacking, repre¬ 
sented only by a few hairs and an abrupt nar¬ 
rowing at beginning of distal seventh. The latter 
fraction is more strongly curved than the rest 
of the appendage, which, from the base, arches 
gradually forward. 

Size: The 50 specimens taken are all smaller 
than the 8 mm. holotype. They include the 
following extremes of length: largest male, 6 mm.; 
largest female, 5.3 mm.; ovigerous females 4.1 to 
5.3 mm.; smallest male, 2.57 mm.; smallest fe¬ 
male, 2.9 mm. 

Color: Displaying male observed through bin¬ 
oculars: carapace dark brown marbleu with 
white. Major cheliped plain dark brown except 
as follows: upper surface of merus. carpus, manus 
and dactyl base rich chestnut; lower outer half 
of manus chestnut; distal half of dactyl and all 
of pollex white. Anterior (ventral) surface of 
meri of at least anterior two, and possibly all, 
pairs of ambulatories dark purple; ambulatories 
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otherwise dark brown marbled with white, like 
carapace. Buccal and pterygostomian regions 
brown. Sternum and abdomen apparently 
bluish-white. 

Display: The display of only one individual 
was observed, on February 19, and the following 
observations are incomplete. 

Body elevated on all four pairs of legs during 
each display. Large cheliped, from rest position 
flexed in front of mouth, opens very slowly out¬ 
ward and upward, making a conspicuously cir¬ 
cular gesture. At peak it pauses infinitesimally 
and is then brought rapidly down, not so fast as 
to give the effect of a ierk. Occasionally the 
cheliped is brought to the ground and crooked 
well in front of its usual position; it is then 
brought back into place with a series of several 
thumpings of the ground, each bringing it closer 
to the mouth. This seems to occur when the 
crab is most excited. The whole display is ex¬ 
ceedingly slow, occupying more than a second, 
with a pause of usually one or two seconds be¬ 
tween displays. 

Breeding: Four ovigerous females were taken 
in February and March, in Costa Rica and 
Panama. The eggs measure .24~.27 mm. in 
diameter, after having been preserved in alcohol, 
and number between 700 and 1,500. 

Young: Although small examples of this 
species show the usual characteristics of many 
immature Uca , including a large eye, more 
oblique orbits, oblique antero-lateral margins 
scarcely distinguishable from the sideB of the 
carapace^ and small, short-fingered chelipeds 
with rudimentary ridges, the pilous elevations on 
the carapace are prominent in even the smallest 
males. The external surface of the major pollex 
has its upper and lower margins projecting, 
forming ridges. 

Affinities: 27. inaeqvalw, from the charac¬ 
teristics of its second maxilliped, major and minor 
chelipeds, orbital and suborbital regions, ab¬ 
dominal appendage of male and courtship dis¬ 
play, definitely is a relatively primitive shoot on 
the branch giving rise to U, oerstedi on the one 
hand and to U. batuenta and 27. saltitanta on the 
other. Its possession of a rudimentary stridu- 
lating apparatus, which is progressively better 
developed in the group of species terminating in 
27. "musica and 27. terpsichores , is interesting. 
The pilous elevations and relatively slight con¬ 
vexity easily distinguish it from its relatives. 

Material: The 50 specimens were taken from 
Corinto, Nicaragua; from Puntarenas, Ballenas 
Bay, and Golfito, Costa Rica; and from La Boca, 
Balboa, Canal Zone. Cat. Nos. 381,139, 381,140, 
381,141, 381,142, 4126. 

Uca tenuipedis sp. nov. 

Text-figs. 4M, 5. PL II, Fig. 7; PI. Ill, Fig. 13. 

(See also pp. 149,166,169). 

Diagnosis: Carapace strongly convex, but not 
quite semicylindrical in lateral view; front behind 
eyes about one-fourth maximum width of cara¬ 


pace; orbits little oblique; antero-lateral margins 
well developed, slanting outward, then continu¬ 
ing backward and inward with an angular turn; 
orbital angle usually about a right angle, some¬ 
times slightly produced. Minor chelae strongly 
serrated or toothed in middle half, gape very 
slight, hairs plentiful on both outer and inner 
margins. Oblique tuberculated ridge inside 
major palm absent; pollex very broad basally. 
Merus of second maxilliped with about 15 to 25 
spoon-tipped hairs. All segments of ambula¬ 
tories unusually slender. 

Description: A small species. Carapace with 
H-form depression shallow, regions poorly de¬ 
limited; pile absent, but a sparse scattering of 
microscopic hairs over entire surface. 

Carapace very convex, but not quite semi- 
cylindrical, widest behind orbital angles, at point 
where antero-lateral margins turn inward. These 
margins are straight, slanting outward, about 
two-thirds as long as width of front behind eyes. 
They then continue inward and backward with 
an angular turn in the form of the usual ridge as 
far back as posterior part of cardiac region. 
Sides of carapace faintly concave, little con¬ 
vergent. Front between posterior margins of 
eyestalks about one-fourtli width of carapace, 
its margin invisible in dorsal view. Upper mar¬ 
gin of orbit sinuous, not very oblique. Eyebrow 
extremely narrow, only about a quarter as wide 
as adjacent portion of eyestalk, strongly inclined. 
Lower orbital margin projecting, sparsely and 
irregularly crenulated in outer half; inner half 
entire. Suborbital region naked except for a row 
of hairs immediately behind crenulated margins. 
All abdominal segments distinct. 

Spoon-tipped hairs on merus of second maxil¬ 
liped numl>ering only about 15 to 25. Woolly 
hairs moderately plentiful. Ischium of third 
maxilliped with central grooves represented only 
by a marginal depression. 

Minor chelae slightly longer than palm, with 
strong serrations or teeth throughout middle 
half; distal fourth slightly dilated, corneous, the 
tips articulating well. (Jape very slight. An 
oblique row of hairs on inner surface of each 
chela, long and soft distally; another row of 
hairs, all moderately short, externally, and two 
other similar rows, along dorsal surface of 
dactyl and ventral surface of pollex, respectively. 

Major cheliped of male with arm slightly 
rugose, wrist more so, both furnished with pile 
externally, the arm proximally, the wrist distally. 
Hand somewhat swollen, broad, about once and 
a fifth times as long as broad. Upper surface 
rounded, although there may be a row of fine 
granules; lower margin with a row of tubercles; 
upper and upper outer surfaces with fine sharp 
granules; the region is also faintly eroded; lower 
outer half of palm smooth. 

Inner surface of large cheliped without an 
oblique tuberculated ridge, although there are 
sometimes one or two tubercles at the point 
where such a ridge usually meets the carpal 
cavity. Upper margin of carpal cavity bounded 
by a single row of minute, spinulous granules. 
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A row of well developed tubercles extends along 
proximal three-fourths of pollex, close to upper 
margin, and curves upward along distal part of 
manus, dying out below dorsal margin. No 
regular row of tubercles distal to this paralleling 
base of dactyl, although tliere may be three to 
five small tubercles in variable formation in this 
position; in the holotype four are clearly dis¬ 
cernible, although they are very low; they are 
well separated and arranged in a slightly curving 
line. A sparse, irregular scattering of fine 
granules on upper half of inner surface of palm. 
Dactyl shorter than palm, finely tuberculated in 
upper proximal portion, curving downward be¬ 
yond tip of pollex. Pollex roughly triangular, 
broader basally than dactyl, tapering abruptly 
along prehensile edge in distal two-fifths; tip 
produced slightly upward. Gape very slight; 
prehensile edges with low, blunt, similar teeth 
except for one whjch is slightly enlarged near 
base of dactyl, and another on pollex, at origin of 
the abrupt tapering. On external side of basal 
three-fifths of both dactyl and pollex, close to 
prehensile edge, is a row of tufxjrcles; on pollex 
this row originates at lower part of dactyl’s 
insertion, continuing around proximal end of 
gape, and so on out along pollex proper. A 
variable but small amount of pile and longer 
hairs is found on inner distal part of manus and 
proximal part of chelae, near prehensile edges. 

AH segments of ambulatories very slender in 
both sexes, the meri scarcely enlarged compared 
with those of other species. Merus of third 
ambulatory in male extending more than a 
quarter of its length beyond antero-lateral angle 
when laid forward; relatively shorter in female, 
though scarcely wider. 

Abdominal apjiendage of male moderately 
slender, the distal half bending gradually for¬ 
ward, tailoring slightly. Arm absent, represented 
only by a few bristles arising from a shelf slanting 
obliquely toward base of appendage, in its distal 
ninth. 

Measurements: Male holotype; length, 5 nun ; 
breadth, 6.53 mm.; base of manus to tip of pollex, 

8.1 mm. I^arger female paratype: length, 5 mm.; 
breadth, 0.81 mm.; Largest male paratyf>e; 
length, 5 mm. Smallest male paratype: length, 

4.1 mm. Smaller female paratype: length, 4.5 
mm. The largest of both sexes appear to be 
adult. 

Affinities: This species is close to U. inaequalis , 
U . oatuenta and their relatives. It is distin¬ 
guished easily from all by the slender ambula¬ 
tories and lack of an oblique tuberculated ridge 
inside of palm. 

Local Distribution: The twelve specimens in 
the collection were all taken in mangrove mud at 
Ballenas Bay, Costa Rica. 

Material: Male holotype; Cat. No. 381,143; 
nine male and two female paratypes, Cat. No. 
381,144. 

The name tenvipedis is given this species be¬ 
cause of the slenderness of its legs. 


Uca batuenta sp. nov. 

Text-figs. 4N, 5, 8; PL VI, Fig. 26. 

(See also pp. 149, 153, 166, 169). 

Diagnosis: Carapace strongly convex, practi¬ 
cally Semi-cylindrical in lateral view; front behind 
eyes a little more than one-fourth maximum 
width of carapace; orbits little oblique; antero¬ 
lateral margin well developed, straight .or slant¬ 
ing a little outward, then curving backward and 
inward without forming a sharp angle; orbital 
angle a right angle, not produced. Minor 
chelae strongly serrated in middle half, gape very 
slight, hairs plentiful in rows on all margins. 
Oblique tuberculated ridge inside major palm 
present, continued to upi>er margin, but weak 
and irregular in upper portion; pollex moderately 
slender, not at all triangular, with an abrupt 
elevation on prehensile edge about three-fifths 
of way to tip; Merus of second maxilliped with 
only about a dozen or less spoon-tipped hairs. 
Merus of ambulatories slightly enlarged. No 
large, isolated teeth on outer edge of lower 
orbital margin. No arm on abdominal appendage 
of male. Eyebrow narrow. 

Description: A small species. Carapace with 
H-form depression shallow, regions scarcely 
delimited, naked except for a very few widety 
scattered microscopic hairs. 

Carapace strongly convex, practicaUy semi- 
cylindrical in lateral view; widest at or liehind 
orbital angles. Antero-lateral margins straight 
or slightly sinuous, usually slanting a little 
outward, about half as long as width of front 
behind eyes. They then curve graduaUy inward 
and backward, continuing in the form of the 
usual ridge as far as middle of cardiac region. 
Sides of carapace faintly concave, scarcely con¬ 
vergent. Front between jmsterior margins of eye- 
stalks slightly more than one-fourth width of 
carapace, its margin invisible in dorsal view. 
Upper margin of orbit notably sinuous, scarcely 
oblique. Eyebrow very narrow, less than a third 
width of adjacent portion of (‘yestalk, strongly 
inclined. Lower orbital margin strongly project¬ 
ing, entire, save for the occasional occurrence of 
several hne cumulations in extreme external 
corner. Suborbital region naked except for a row 
of hairs immediately behind orbital margin. All 
abdominal segments distinct. 

Hairs with distinctly formed spoon-tips on 
merus of second maxilliped numbering a dozen or 
less; there may be a few more hairs with minute 
distal swellings. Woolly hairs relatively few in 
number. Ischium of tliird maxilliped with 
central groove represented only by a marginal 
depression. 

Minor chelae slightly longer than palm, with 
strong teeth or serrations in middle half; distal 
fourth scarcely dilated, corneous, the tips articu¬ 
lating well. Gape slight basally* practically non¬ 
existent in serrated portions. An oblique row of 
hairs along inner surface of each chela, thick and 
long only distally; another row of hairs, all short 
and sparse, externally; three rows of short hairs 
along dorsal surface of dactyl, and two or three 
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Text-figure 8.. • 

Uca batuenta , paratype. Length of carapace 4.2 mm. A, dorsal view; B, major cheliped, inner 
view; C, same, outer view. 


along ventral side of pollex; the hair on these 
median rows are both short and moderately long. 

Large cheliped of male with arm rugose only 
basally; rest of arm and wrist smooth, with a few 
fine hairn and, around carpo-manus joint, some 
short pile; long pile-like hairs inside base of arm. 
Hand broad, about once and a fifth or less times 


as long as broad. Upper surface with a low, ill- 
defined crest, dying out before reaching base of 
dactyl. Lower margin marked by a microscopi¬ 
cally tuberculous, elevated line. A few minute 
tubercles scattered over outer surface, but these 
are so small and low that this area appears 
smooth to all intents and purposes; a very few 
short hairs are scattered over it. 
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Inner surface of major palm with an oblique 
tuberculated ridge arising some distance proximal 
to base of pollex, reaching its greatest develop¬ 
ment close to carpal cavity, and dying out 
variably between the cavity and the dorsal 
margin, among an irregular scattering of tuber¬ 
cles. Carpal eminence well developed. A row of 
fine tubercles extends from proximal quarter of 
pollex, close to upper margin, and curves upward 
along distal part of manus, where the tubercles 
are larger, ending abruptly opposite middle of 
dactyl base. Distal to this, paralleling base of 
dactyl, a short row of fine, faint, rudimentary 
tubercles is sometimes distinguishable. 

Major dactyl between once and a quarter and 
once and a half times as long as palm, smooth, 
moderately convex, curving downward beyond 
tip of pollex. Pollex slender, not triangular, 
with characteristic upper margin, there being an 
abrupt elevation or eminence about three-fifths 
or more of the way to the tip; basal and distal to 
this the margin is concave to varying degrees. 
Gape wide, except in the region of the eminence 
of the pollex. Several enlarged teeth in proximal 
half of dactyl, another opposite eminence of 
pollex. One or more surmounting and on the 
distal slope of this elevation are the only enlarged 
teeth on the pollex. In both chelae the remainmg 
teeth are exceptionally fine and poorly developed. 
A row of small, close-set tubercles arising on 
outer side of distal end of manus continues out 
along proximal part of upper surface of pollex, 
close to prehensile margin. 

Merus of ambulatories slightly enlarged in 
both sexes, that of third ambulatory in male 
extending less than a fifth of its length beyond 
antero-lateral margin when laid forward. A 
small amount of pile on carpus and manus of the 
three anterior ambulatories. 

Abdominal appendage of male slender, curving, 
tapering little. Arm absont, represented only by 
a few bristles arising from a level shelf at begin¬ 
ning of distal seventh of appendage. 

Measurements: Male holotype, length 4.8 mm., 
breadth 7.6 mm., base of manus to tip of pollex 
11.8 mm.; three female paratypes (all ovigerous), 
length 2.9 to 4.3 mm.; nine male paratypes, 
length 2.7 to 4.5 mm. 

Color: Displaying male observed through 
binoculars: carapace golden brown speckled and 
marbled variably with white. Merus and carpus 
of major cheliped, both external and internal 
surfaces, pinkish-brown; manus, externally and 
internally, bluish-white; chelae completely pure 
white, dazzling and polished. Buccal and ptery- 
gostoinian regions golden brown speckled with 
white, like carapace. Anterior sides of meri of 
ambulatories pinkish-brown: rest of ambulatories 
and all of minor cheliped brown speckled and 
irregularly banded with white. Underparts 
bluish-white. Eyestalks bright green. 

Display: Males were seen displaying through¬ 
out February at Balboa. The display in general 
is an interesting intermediate between that of U. 
inaequalis and of U. saltitanta f both in rapidity 
and in the development of the ground-rapping 
phase characteristic of all three. U . batuenta 


elevates the carapace high on all four pairs of 
legs with each display. Cheliped is extended 
from folded position, in front of mouth, outward 
and up, the chelae meanwhile opening moderately 
wide. At the peak it pauses momentarily and is 
then brought swiftly down, but not so fast as to 
jerk, to a folded position well in front of the 
normal place, the chelae closing. Then, in most 
displays, the manus and chelae are literally 
bounced back into place with three or four raps 
of the ground, being drawn closer to the mouth 
with each rap. Minor cheliped hangs motionless 
during display. The crab may move along a few 
steps while large cheliped is elevated. The entire 
display, including rapping, takes about a second; 
a pause of one or more seconds may intervene 
between displays. 

Breeding: The three female paratypes, all 
ovigerous, were taken in February", at Ballenas 
Bay and Puntarenas, Costa Rica. At Balboa, 
during the same month, females were seen to be 
definitely interested in the displays of the males, 
although mating was not observed in this species. 
The eggs, which measured .25-.27 mm. in di¬ 
ameter after being preserved in alcohol, number 
about 500. 

Growth: The young of this species are amazing¬ 
ly similar to the adults of U. tenuipedis; young 
males of U. batuenta may be distinguished at 
once, however, by the presence of an oblique 
ridge inside the major palm, even when the 
chelae are still so short as to resemble those of 
the other species; the greater width of the ambula¬ 
tories in U. batuenta is the other major specific 
character readily discernible in the young. 

Affinities: This species is allied most closely to 
U. tenuipedis and to U. saUitanta. It is distin¬ 
guished from both by the characteristic profile of 
the major pollex; from U. tenuipedis by the 
broader ambulatories, and from U. saUitanta by r 
the non-projecting orbital angle. 

Range: Puntarenas, Costa Rica, to Balboa, 
Canal Zone. 

Local Distribution: The 13 specimens in the 
collection were ail taken in partly shaded man¬ 
grove mud, among new shoots. 

Material: Male holotype, Cat. No. 4121, La 
Boca, Balboa, Canal Zone; two male and one 
ovigerous female paratypes, Cat. No. 381,136, 
Puntarenas, Costa Rica; four male and two 
ovigerous female paratypes, also an additional, 
detached major cheliped, Cat. No. 381,137, 
Ballenas Bay, Costa Rica; three male paratypes, 
Cat. No. 4122, La Boca, Balboa, Canal Zone. 

The name batuenta is given to this species in 
reference to its habit of beating the ground 
during display. 

Uca saUitanta sp. nov. 

Text-figs. 40, 5. PI. II, Figs. 10, 11; PL III, 

Fig. 14; PI. VI, Fig. 25. 

(See also pp. 149, 153-156, 166, 169). 

Diagnosis: Carapace strongly convex, prac¬ 
tically semicylindrical in lateral view; front be¬ 
hind eyes between a fourth and a fifth maximum 
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width of carapace j orbits scarcely oblique; 
antero-lateral margin well developed, faintly 
sinuous, slanting outward, then turning sharply 
inward and backward, usually forming a distinct 
angle; orbital angle broadly acute, somewhat 
produced. Minor manus deep, especially in fe¬ 
male; minor chelae strongly serrated throughout 
most of length, the serrated portions in contact; 
hairs plentiful in rows on all margins. Oblique 
tuberculated ridge inside palm of major cheliped 
present, extending to carpal cavity; pollex ex¬ 
ceedingly broad, basally triangular, with pre¬ 
hensile edge straight or sinuous; two character¬ 
istic eminences on prehensile edge of the rela¬ 
tively slender dactyl. Merus of second maxil- 
lipeds without spoon-tipped hairs. Merus of 
ambulatories slightly enlarged. A large isolated 
tooth on outer edge of lower orbital margin in 
male. No arm on male abdominal appendage. 
Eyebrow narrow. 

Description: A small species. Carapace with 
H-form depression distinct though fairly shallow. 
Regions scarcely delimited, although carapace is 
somewhat lumpy. Surface is naked except for a 
few microscopic hairs. 

Carapace strongly convex, practically semi- 
cylindrical in lateral view; widest behind orbital 
angles. Antero-lateral margins slightly sinuous, 
slanting outward, about three-fourths as long as 
width of front behind e>es. They then turn in¬ 
ward and backward, usually at a sharp angle, 
continuing in the form of the usual concave ridge 
as far as level of middle of cardiac region, where 
they almost fuse with a similar ridge, extending 
from this point almost to edge of carapace above 
bases of last pair of ambulatories. Sides of cara¬ 
pace faintly concave, not converging, sometimes 
actually slanting outward. Front between pos¬ 
terior margins of eyestalks between one-fourth 
and one-fifth width of carapace, its margin 
invisible in dorsal view. Upper margin of orbit 
strongly sinuous, scarcely oblique. Eyebrow 
very narrow, less than a third width of adjacent 
portion of eyestalk, strongly inclined. Lower 
orbital margin little projecting, almost straight, 
with rudimentary crenulations and, at outer, 
excavated corner in males, two broad teeth, of 
which the outer is isolated; in females these are 
small or lacking. Suborbital region naked except 
for a row of hairs immediately behind orbital 
margin Third to sixth abdominal segments 
more or Jess fused in male. 

No hairs with distinctly formed spoon-shaped 
tips on merus of second maxillipeds, although 
there may be several with minute distal swellings. 
Woolly hairs relatively few in number. Ischium 
of third maxilliped with central groove repre¬ 
sented only by a marginal depression. 

Palm of minor cheliped deep, especially in fe¬ 
male. Minor chelae slightly longer or shorter 
than palm, with strong serrations or teeth 
throughout all of length except a very short, 
variable basal area, and an unusually short, 
corneous area distally; the tips articulate per¬ 
fectly, and are scarcely dilated. Gape slight, 
present only in basal half at most, usually in 
less. An oblique row of well developed hairs, 


thickening and lengthening distally, along inner 
surface of each chela; another row, of short, 
sparse hairs along external surface; and two more 
rows of fairly even, close-set moderate hairs 
along dorsal profile of dactyl and ventral profile 
of pollex, respectively. 

Large cheliped of male with arm extremely 
finely rugose and tuberculate basally, smooth 
distally; most of wrist externally similarly 
sculptured. Short pile on inner side near dorsal 
profile of distal part of arm, all of carpus and 
proximal part of manus. Hand almost or quite 
as broad as long. Upper surface rounded, except 
for the sharp boundary of carpal cavity, and 
exceptionally short; lower margin marked by an 
elevated line of microscopic, close-set granules. 
Entire upper and outer surface covered with 
moderately large, low tubercles. Up to half a 
dozen short, dark hairs may be scattered over it. 

Inner surface of major palm with an oblique 
tuberculated ridge arising near base of pollex 
close to ventral profile and extending to carpal 
cavity; the ridge is irregular, varying in width, 
from one to two tubercles, and in the size of the 
latter. Between carpal cavity and dorsal profile 
is only a scattering of fine tubercles. Carpal 
eminence scarcely developed. A row of tul>crcles, 
almost straight because of the width of the pollex 
base, extends on palm from lower part of base 
obliquely down and out along upper margin of 
pollex, close to prehensile edge; basal five or six 
tubercles large and close-set, beyond that they 
are tiny and die out in distal half of thumb as an 
elevated ridge. There is no additional ridge 
paralleling base of dactyl on inner distal end of 
palm. 

Major dactyl slender, about twice as long as 
palm, with a few fine tubercles on dorsal, proxi¬ 
mal profile, curving downward beyond and over¬ 
lapping tip of pollex; the dactyl has a character¬ 
istic prehensile profile formed by the presence of 
two eminences, one at about a quarter of the 
way, the other at half the way to tip; the profile 
before, between and beyond the eminences is 
concave. Pollex exceedingly broad basally, 
triangular, tip abruptly tapering, curving up¬ 
ward ; prehensile margin straight or slightly 
sinuous. Gape almost non-existent; the distal 
edges can be brought into actual contact, the 
long, curving dactyl tip passing to the inside of 
that of the pollex. Prehensile teeth numerous, 
small, poorly developed except for single en¬ 
larged teeth on summit of each eminence of the 
dactyl and, sometimes, on pollex at about two- 
thirds of distance to tip. On the outer surfaces of 
both pollex and dactyl a row of fine, close-set 
tubercles extends most of the length of the chela, 
close to and parallel with the prehensile margin. 
A more or less distinct elevated line passes along 
outer lower side of pollex; above this is a de¬ 
pressed area. 

Merus of ambulatories moderately enlarged in 
both sexes, that of third ambulatory in male 
extending about a quarter of its length beyond 
antero-lateral margins when laid forward. A 
small amount of pile on carpus and manus of the 
three anterior ambulatories. 
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Abdominal appendage of male slender, curving, 
tapering. Arm absent, represented only by a 
tuft of bristles arising from a shelf slanting 
obliquely toward base of appendage, about six- 
sevenths of distance to tip. 

Measurements: Male holotype, length 6 mm., 
breadth 8.8 mm., base of manus to tip of pollex, 
12.2 mm.; 5 ovigerous female paratypes, lengths 
3.8 to 5.3 mm.; 2 non-ovigerous female paratypes, 
lengths 3 and 3.3 mm.; 7 male paratypes, lengths 
3.5 to 6.1 mm.; 116 other males, 42 ovigerous 
females and 28 non-ovigerous females of inter¬ 
mediate lengths. 

Color: Displaying males observed through 
binoculars: usually pure white, though occasion¬ 
ally the carapace is grayish or yellowish, or has 
a few sparse markings of rich brown; it is proba¬ 
ble that these individuals simply have not 
reached full display coloration, although when 
observed they were displaying vigorously. Fe¬ 
males and young inconspicuous dark grayish or 
dark brownish, probably mottled. Eggs magenta. 

Display: Throughout February at Balboa, 
these crabs were obviously at the height of the 
breeding season; and, in the broad open mud¬ 
flats which were their habitat, they were 
certainly the dominant species of Uca; the sum¬ 
mit of every tiny elevation in the mud was 
employed by a displaying male; in some places 
there were an average of four displajdng males 
to the square foot. 

During each display the body is raised high on 
all four ambulatories, which meanwhile carry it 
along three or four steps in either direction, or 
else the crab may stand m one place. Major 
eheliped is lifted from position folded in front of 
mouth, opened and stretched diagonally straight 
up and out, the chelae meanwhile opening wide; 
it is then brought down at once without pause 
practically in the same place from which it 
started, though it may fall a little more to the 
front. At the same time the body is lowered and 
the chelae dosed. Then the manus and chelae 
are vibrated up and down against the ground 
three or four times with extreme rapidity. At end 
of each display is an infinitesimal pause, so that 
the accent is there, not when the eheliped is 
elevated. The display is then repeated, some¬ 
times upward of a hundred times without rest. 
During each display the minor eheliped is half 
spread outward, then returned to folded position. 
There may be as many as two full displays to 
each second. 

Males of this species when possible seem de¬ 
liberately to mount a slight elevation to display, 
sometimes several inches from their holes. When 
a female is attracted the display is speeded up, 
and additions made, as the following field note 
shows: “On February 19 a female was obviously 
attracted directly to a male as soon as he came 
out of his hole six inches away and began to dis¬ 
play. He became aware of her and speeded up 
his tempo. She circled him at a distance of 
several inches, then drew nearer. He seemed to 
be almost overcome with excitement, thrust his 
minor side down his hole, and maae one last 
violent gesture with his major eheliped, his 


major ambulatories meanwhile stretched straight 
out, clear of the ground, absolutely rigid but 
quivering from their bases. The position was held 
perhaps a second, then he vanished down the 
hole. The female followed him at once, without 
the slightest hesitation.” This procedure was 
typical when males attracted the attention of 
females; sometimes the latter emerged after a 
few seconds and wandered off, the males mean¬ 
while emerging and resuming feeding and 
moderate display. More often neither crab 
emerged at all soon, in two observations not 
before the tide covered the holes, two hours later. 
As in other species, however, compared with the 
almost incessant display at this season of the 
thousands of males in the area, the number of 
females each day which followed the males down 
their holes, presumably to mate, is exceedingly 
slight. 

The entire display, with its exceptional speed, 
continuity, and especially in the development of 
the phase in which the eheliped is vibrated 
against the ground, represents the highest devel¬ 
opment yet found of this type of display, in 
which rapping of the ground, after the gesture 
with the eheliped, is involved. It was found to 
a lesser degree in U. batventa and U. inaequalis. 

Breeding: More than three-fourths of the adult 
females taken, all in February, were ovigerous 
at La Boca, Balboa. Young crabs of both sexes 
were relatively rare. The eggs, which measure 
.24 mm. in diameter after being preserved in 
alcohol, number between 1,200 and 1,800. 

Growth: The young of this species have most of 
the distinguishing characteristics of the adult 
well developed, except for the oblique ridge inside 
the major palm; the large eheliped in the smallest 
taken, however, is already unmistakably typical 
of the species. 

Affinities: Tliis species is related most closely 
to U. batuenta , although its major eheliped is 
distinctly different from that of any known 
species. The large, isolated tooth in the outer, 
lower corner of the orbit serves as a convenient 
mark of distinction from related forms when the 
large eheliped is missing. The females are easily 
distinguished from the similarly shaped females 
of U. oerstedi by the lack of pile on the carapace, 
and from those of U. batuenta by the much 
deeper manus of the chelipeds, the somewhat 
produced orbital angles and by the little project¬ 
ing lower borders of the orbits, with the external 
comers deeply excavated. 

Range: Puntarenas, Costa Rica, to Old Pana¬ 
ma, Panama. 

Local Distribution: The great majority of the 
201 specimens in the collection were taken in 
open mud flats of the deepest, stickiest type. A 
few were takeD among the unshaded outpost 
shoots of the mangroves. At La Boca (Balboa) 
and at Old Panama, thousands of them were 
seen displaying daily, out in the mud, as far as 
the eye could see. 

Material: Male holotype, Cat. No. 4123, La 
Boca, Balboa, Canal Zone; 7 male and 7 female 
paratypes, Cat. No. 4124, La Boca, Balboa, 
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Canal Zone; 113 males and 69 females, Cat. No. 
4125, La Boca, Balboa, Canal Zone; 3 males and 

I female, Cat. No. 381,138, Puntarenas, Costa 
Rica. Seen but not collected at Old Panama, 
R. de P. 

This species is named sallitanta because, in dis¬ 
playing, it dances with such tireless energy. 

Uca beebei sp. nov. 

Text-figs. 4P, 5; PI. IV, Fig. 16; PI. V, Fig. 

20; PL VI, Fig. 27. 

(See also pp. 149-151,153-157,159,166,167,169). 

Reference: Uca xtcnodactylw, Rathbun, 1917, p. 
417 (part.); pi. 152, fig. 3; pi. 153. Not Gelasimus 
stenodactylus Milne Edwards & Lucas, 1843. 

Diagnosis: Close to U. stenodactyla y but differ¬ 
ing in the following characters: grows to 8 mm., 
not 9; regions of carapace scarcely swollen, little 
delimited; sides of carapace much less steeply 
inclined; ambulatories less slender in both sexes 
(width of merus of third ambulatory on minor 
side of male about two-fifths of length, not a 
fourth to a third); tips of minor chelae not over¬ 
lapping; projecting spoon-tipped hairs on merus 
of second maxilliped 100 to 140, not 160 to 250; 
shelf replacing arm of abdominal appendage 
slanting toward base of appendage, not horizontal 
or with rudimentary arm; deep purplish-brown 
color on lower inner surface of major cheliped 
usually persisting for at least several years in 
alcohol, never present on stenodadyla. 

Description: Moderately small species. Cara¬ 
pace strongly convex, semi-cylindrical in lateral 
view, widest at orbital angles or behind; surface 
smooth, naked, regions scarcely delimited or 
separately swollen; H-form depression very 
slight. 

Antero-lateral margins slightly sinuous, slant¬ 
ing slightly outward, about half as long as width 
of front behind eyes. They then turn inward 
and backward in the usual concave ridge as far 
as level of middle of cardiac region. Sides of 
carapace descending only moderately steeply, 
concave, usually slanting slightly outward. 
Front between posterior margins of cyestalks 
about one-fourth or less width of carapace, its 
lower margin invisible; marginal ridge obsolescent. 
Upper margin of orbit sinuous. Eyebrow broad, 
about as wide as adjacent portion of eyestalk, 
little inclined. Lower orbital margin moderately 
projecting, with crenulations throughout, strong 
except internally. Suborbital regions naked ex¬ 
cept for one, or sometimes one and a half, rows 
of hairs immediately behind orbital margin. 
Third to sixth abdominal segments in male in¬ 
completely fused. 

Spoon-tipped hairs on merus of second maxil¬ 
liped moderately numerous, arranged in about 

II to 13 rows on inner fifth or quarter of merus, 
throughout its distal half. Those which are 
nearest the longitudinal center of the merus are 
so short as to be difficult to count; excluding 
these, counting only those which project beyond 
the inner margin, a total of between 100 and 140 
is reached, 100 having been found in a small, 
ovigerous female, 130-140 in a large, non-oviger- 


ous female, and about the same number in large 
males, Ischium of third maxilliped with median 
groove represented by a marginal indentation. 

Minor chelae about once and a sixth as long 
as palm, usually coarsely serrated or toothed in 
middle portion, though rarely (including in the 
holotvpe) the serrations are low and appear worn. 
Usually, however, the region has three or four 
large teeth in the middle of each chela, flanked by 
fine serrations, which articulate almost or com¬ 
pletely, leaving a small gape only proximally and, 
sometimes, distally. The corneous tips, however, 
are slightly dilated and articulate well. Oblique 
row of hairs along inner margins sparse except 
for distal brushes. Additional interrupted rows 
of sparse hairs as follows: two on or near dorsal 
profile of dactyl, one on external side of pollex, 
near ventral profile, sometimes obsolescent. 

Large cheliped of male with arm and wrist 
moderately rugose externally; short pile inside 
dorsal half of carpal cavity, and between bases 
of chelae. Hand about two-thirds or more as 
broad as long. Upper surface rounded, bent over 
proximally to bound carpal cavity sharply; lower 
margin marked by elevated line of microscopic, 
close-set granules. Entire upper and outer sur¬ 
face covered with moderately fine, close-set low 
tubercles, largest dorsally. Inner, low r er, proxi¬ 
mal part of major palm, near ventral profile, 
roughened with microscopic granules, not in 
special linear formation, which are opposable to 
a row of almost equally fine granules on carpus 
of first ambulatory on major side; traces of 
another row on distal end of merus of first 
ambulatory. 

An oblique tuberculated ridge on inner side of 
manus of major cheli]>ed extending in a curving 
line from close to ventral profile to carpal cavity, 
and continuing upward toward dorsal margin. 
Below cavity the tubercles are large, regular, 
close-set in a single line though sometimes flanked 
by a few small tubercles; above they tend to l>c 
in double lines, grow smaller, and the ridge dies 
out in a cluster of low tubercles which fills in the 
space between it and the dorsal profile. Carpal 
eminence scarcely developed. A row of strong, 
close-set tubercles arises opposite middle of 
dactyl base and continues down and out along 
pollex, close to prehensile edge, the tubercles 
dwindling in size and becoming a mere elevated 
line which continues to tip. There is no addi¬ 
tional row of tubercles paralleling base of dactyl 
on inner distal end of palm. 

Major dactyl slender, about once and a third 
times as long as palm, tuberculated proximally 
on dorsal surface, almost straight, curving only 
slightly downward to overlap pollex distally. 
Pollex about equally slender, straight or slightly 
sinuous. Gape moderately wide, with many 
small, low, tuberculous teeth ; of which two are 
usually enlarged, one in proximal half of dactyl, 
the other half way to tip of pollex. A row of 
small tubercles close to and parallel with pre¬ 
hensile edge of outer side of dactyl, dying out on 
distal half. This is represented on the corre¬ 
sponding part of the pollex by about four ir¬ 
regular rows of slightly enlarged tubercles basally, 
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around proximal end of gape, which continue out 
on pollex a s much reduced granules near pre¬ 
hensile margin and gradually die away distally. 

Merus of ambulatories moderately enlarged in 
both sexes, that of third ambulatory on minor 
side in male extending about a quarter of its 
length beyond antero-lateral margins when laid 
forward. Ambulatories on major side more 
slender, as in U . stenodactyla. In males and 
females, width of third merus is about two- 
fifths of its length. 

Abdominal appendage of male slender, strongly 
bowed, tapering; arm absent, represented only by 
a row of bristles arising from a shelf slanting 
obliquely toward base of appendage in its distal 
ninth. 

Measurements: Male holotype, length 7.4 mm., 
breadth 10.4 mm., base of manus to tip of pollex, 
19.2 mm.; 8 male paratvpes, lengths 3.1 to 7.8 
mm.; 4 ovigerous female paratyj>es, lengths 4.8- 
5.3 mm.; 4 non-ovigerous female paratypes, 
lengths 2.0-7.9 mm.; 6 young, questionably refer¬ 
red to tliis species, lengths 2 to 2.5 mm. The 98 
other specimens in the collection are all of inter¬ 
mediate size. 

Color: Displaying males, observed through 
binoculars: anterior part of carapace brilliant 
iridescent green, posterior part gray. Outer side 
of major manus above, bright ochre to rosy pink; 
fingers white outside and in, sometimes yellow 
basally; lower sides of merus, carpus and manus 
externally, and lower inner side of manus as well, 
dark, rich plum purple; this characteristic color 
alone will identify the species from a distance. 
Inner side of merus pearl gray; upper inner side 
of manus ochre to pink, changing to pearl gray 
farther down, above plum purple area. Minor 
cheliped whitish. Coxa and basal part of merus 
of major ambulatories bright plum both anterior¬ 
ly (ventrally) and posteriorly (dorsally); corre¬ 
sponding parts on minor side greenish; rest of 
ambulatories .gray, like posterior half of carapace. 
Color fades especially quickly when crab is 
captured. 

Females: Mottled or spotted dark on grayish- 
brown. 

Display and Mating: All four pairs of ambula¬ 
tories arc left on the ground during display, and 
there is no added elevation of the body, which is 
normally held fairly high, except in specimens 
living in the mud; these stretch upward a bit 
with each display. However, in all the carapace 
is usually tilted slightly up and back with the 
effort of lifting the cheliped. At the start of the 
display, with the cheliped flexed in front of 
mouth, held clear of the ground, the carpo-manus 
joint is lifted. The cheliped is then straightened 
diagonally upward and outward describing a 
slight forwardly directed arc. It is then brought 
down without pause to position in a straight line, 
with a definite jerk. The general effect is of an 
emphatic beckoning. The movement is fast, 
about two to the second, and is usually repeated 
about four times without a break in the rhythm. 
The minor cheliped at the same moment gener¬ 
ally makes an incomplete outward and inward 


movement; when the crab is strongly excited 
through the attention of a female, this movement 
of the minor cheliped is complete and vigorous. 
Also, when displaying before an interested fe¬ 
male, the male frequently turns his back, and 
revolves before her; since by this procedure the 
brilliant iridescent green of the anterior part of 
the carapace is shown, as well as the bright plum 
posterior (dorsal) parts of the ambulatory meri 
—parts which are not brightly colored in the 
other species where display was observed—it 
seems that tliis revolving is a definite part of 
display. Fingers are held slightly open, parallel, 
during each series of displays. The crab may 
stand close to his burrow and perform, or take a 
few steps in either direction. 

As usual, when a female is interested, the 
whole display becomes swifter and more vigorous. 
The female must give some sort of signal when 
she is ready to follow the male, although I have 
never been able to see what tliis is, because sud¬ 
denly, after seconds or minutes of display, the 
male without warning will vanish down his 
burrow, and in the perhaps half a dozen cases 
where 1 have seen courtship reach this stage, 
excluding the exceptions noted in the following 
paragraph, the female without hesitation fol¬ 
lowed after. The usual procedure thereafter is 
for one or both crabs to emerge briefly, then for 
both to disappear into the hole of the male and 
stay there, so far as I saw, until the succeeding 
tide. 

Several times, however, I have watched the 
progress of a female wandering more than 10 feet 
from her own hole, and showing interest in the 
displays of a number of males, one after the 
other. One of these females, for instance, wan¬ 
dered across five feet of territory, crowded with 
both males and females, electrifying every male 
she came near into giving a vigorous display. 
In each case she paused and allowed matters to 
reach the point where the male, with a final 
excited flourish of his cheliped. vanished down 
his hole; then, instead of following him, she 
merely looked down into the hole, or literally 
stuck her eyes into it, then at once backed out 
and wandered on to the next male, who promptly 
paid her similar court. .After she had crossed 
these five feet, she turned and came back toward 
the middle of the area by a slightly different 
route. Here she finally followed a male into his 
hole, after the usual preliminaries. He was not 
especially large or bright, though fully adult and 
with a well made shelter (see below). She stayed 
below about five minutes, then emerged mo¬ 
mentarily, and descended again. After two 
minutes more they both came up, but descended 
again immediately, and this time they were both 
still down when I ceased observations, half an 
hour later, when the tide was almost covering 
the hole. 

As in U. stenodactyla , actual pairing was ob¬ 
served at the surface. I was photographing 
another 8j>ecies at the time, and so missed the 
beginning of the mating, which was on the 
ground beside me, at the mouth of the female's 



194 Zoologica: New York Zoological Society [XXVI: 19 


hole. As in other species, they were sternum to 
sternum, the female supporting most of the 
weight, the male slightly above her. His first 
two ambulatories grasped her body in front of 
her first ambulatories; his minor cheliped resting 
on her carapace behind her eyes; his major 
cheliped clearing her, held quietly. Both were 
stroking each other lightly with their ambula¬ 
tories, but less actively than in U . stenodactyla at 
a similar stage. After about a minute they be¬ 
came perfectly quiet except for the quivering of 
their abdomens. After less then two minutes the 
female slipped down her hole, while the male 
moved three inches away toward his own and 
started feeding. It seems likely that, in this and 
other species, it is usual for mating to take place 
in the hole of the male, but that when he has 
come to the female, and interested her sufficiently 
near her hole, they mate outside, since he would 
not be able to descend the smaller opening. 

The following instance of precocious and some¬ 
what irregular behavior was observed in a male 
which does not appear to t>e more than about 
two-thirds grown. lie had erected a well built 
shelter (see below) 15 mm. high, above a hole 
7.5 nun. wide, which proved later to go four 
inches straight down and then three inches ob¬ 
liquely, after a sharp turn. His color was poorly 
developed. He was feeding and displaying three 
inches from his hole when a large female passed 
(7.3 mm. long, while he measured 6.2 mm., with 
a definitely underdeveloped major cheliped). 
He stopped feeding instantly, raced to the mouth 
of his hole, apparently much excited, and dis¬ 
played frantically for three minutes, facing her 
with the large chelij>ed turned partly toward her, 
so that some of his back showed during display, 
without revolving. She came closer. He de¬ 
scended his hole, and she followed at once. He 
remained down five minutes, then emerged 
momentarily and descended. After five minutes 
more he again emerged, and this time began dis¬ 
playing and feeding again. After a few minutes 
he again descended. This routine continued for 
25 minutes, and since the tide was approaching, 

1 dug them up. The resumption of display after 
the presumable winning of a mate may be inter¬ 
preted either as a use of display in defiance to 
other males, or as simply the irregular behavior 
of immaturity. It was not observed in adults 
either of this species or of others: once a female 
had entered the hole of a male, he did not display 
any more at least during that particular low tide. 

Shelter: Of the three species, V . bcebei, U. lati - 
manus and U. terpsichores , which were observed 
to build shelters above their holes, the present 
species, U. bcebei f has the habit least well de- 
vclo]>eu. This primitive development is indi¬ 
cated both in the variable and relatively small 
and }>oorly constructed forms of the shelters, 
and in the apparent erraticalness with which 
they arc erected. Sometimes they are well 
formed hoods arching over the hole, more often 
they are scarcely more than oblique and slightly 
concave turrets—a sort of “leaning towers"— 
and sometimes they are only tapenng heaps of 


sandy mud scarcely taller than the builder. 
Young males often start building, but do not 
finish. Even adults may take several hours to 
complete a shelter, working only sporadically, 
and often displaying for some time before starting 
operations. Furthermore, although they are 
built only by displaying males, not every display¬ 
ing male builds a shelter; the ratio on most davs 
at La Boca proved to be about one in ten. The 
exception to the latter proportion was when, on 
some days, a wave of shelter-building seemed to 
sweep a particular section of the colony. The 
males without shelters displayed as vigorously 
as those with perfect turrets; size and coloration 
of the crab are not involved; and I have seen 
females descend the holes of males with or 
without turrets, apparently without any pref¬ 
erence at all. The male I saw actually pairing 
at the surface had no shelter. A given individual 
seems to build a shelter at least several days in 
succession, although I have not yet concluded 
satisfactory observations on this subject. 

In general, a major wave of shelter building 
seemed to lie prevalent in the colony on the rigid 
Ride of the beach at La Boca in the first two weeks 
in February, thou, while it died down there, to 
rise to full swing in the colony on the left beach 
in the last two weeks of the same month. Fur¬ 
thermore, although this species was found at 
La Boca, and farther along the coast at Panama 
City and Old Panama botli on the firm muddy 
sand and out in the true mud, at least within 15 
feet of shore, turret building is chiefly confined 
to the individuals on the muddy sand. A few 
males, however, living in the mud erect poor 
ones; the semi-liquid consistency of this building 
medium of course militates against its use. 

The method of building is the same as in other 
species, material being scraped by the major 
ambulatories at a distance from the mouth, 
carried back to the hole by the first two major 
ambulatories, and heaf>ed up while the minor 
side of the crab rests in the mouth of the hole. 
(See p. 157). 

Breeding: Many ovigerous females were seen 
at La Boca and Panama City in February. The 
collection contains five, four from La Boca, and 
one from Puntarenas, Costa Kica, also taken in 
February. The magenta eggs, measuring .24 
mm. in diameter when preserved in alcohol, 
numl)cr about 1,500. 

Young: The young are distinguishable from 
those of U. stenodactyla by their notably more 
swollen ambulatories. In both species specimens 
under about 3 mm., have very few—only about 
25—spoon-tipped hairs on the merus of the 
second maxilliped. Possible confusion with 
members of the group of sjiecies containing Uca 
oerstedi and Uca soltitanta is eliminated variously 
by the lack of pile on the carapace (so charac¬ 
teristic of f7. oerstedi ), by the broad eyebrow, by 
the well developed crenulations on the lower 
orbital margin, and by the several enlarged teeth 
alone or among the serrations of the minor 
cheliped. These teeth, combined with the very 
slight gape, distinguish them at once from the 
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group containing U. latimanus f all of which have 
the minor chelae widely gaping. The moderately 
narrow front and beginnings of a broad carapace 
strongly arched, distinguish them easily from the 
young of more distantly related species. 

Affinities: This species is very close anatomi¬ 
cally to U. stenodactyla; the differences have 
already been listed under Diagnosis. In color¬ 
ation and habits, however, it differs greatly, the 
colors being very different and less bright— 
iridescent green, plum, ochre and gray instead of 
blue, white, pink and red; these relatively dark 
colors, however, are equally striking in their own 
way. The beckoning portion of the display is 
fundamentally similar, although it is twice as 
fast, has a jerk, and differs in the characteristic 
preliminary raising of the carpo-manus joint; 
also, U. beebei revolves before a female, which 
U. stenodactyla docs not. On the other hand, U. 
beebei never pursues females or races along with 
one encircled by the major cheliped, as does U. 
stenodactyla. Finally, displaying males of V. 
beebei sometimes build shelters, those of U. 
stenodactyla never, although adult females of the 
latter species sometimes by similar methods 
raise high walls around their holes. The colonies 
of the two species are often intermingled, one 
secies being usually dominant, when U. beebei 
is found on muddy sand. U. stenodactyla, how¬ 
ever, unlike U. beebei , is never found in pure mud. 

Range: From Corinto, Nicaragua, to Old 
Panama, It. P. 

Local Distribution: The 115 specimens were 
found principally on gravelly muddy sand, or 
muddy sand, but were common also on mud flats 
and, rarely, among mangrove shoots which were 
mostly unshaded. Six very young sj>ccimens of 
slightly questionable identity were found in the 
mud, among adults, close to a muddy sand beach. 

Remarks: An examination of the specimens at 
the United States National Museum which were 
referred by Miss Rathbun (1917) to V. steno- 
dactylus shows that Cat. Nos. 32321 and 32322, 
Boca del Rio Jesus Maria, and Puntarcnas, 
Costa Rica, respectively, should he referred to 
II. beebei. It is one of these specimens that is 
illustrated in her monograph (pi. 152, fig. 3 and 
pi. 153). 

Material: Male holotype: Cat. No. 4129, l^a 
Boca, Balboa, Canal Zone; 8 male and 8 female 
paratypes, Cat. No. 4130, same locality; 39 
males and 25 females, Cat. No. 4131, same 
locality; 15 males and 3 females, Cat. No. 4133, 
Bella vista. Panama City, R, P.; 7 males and 3 
females. Cat. No. 4134, Old Panama, R. P.; 1 
male. Cat. No. 381,150, Bahia Honaa, R. P.; 
2 males, 3 females, Cat. No. 381,149, Puntarenas, 
Costa Rica; 2 males, Cat. No. 381,148, Corinto, 
Nicaragua; 6 young, Cat. No. 4132, La Boca, 
Balboa, Canal Zone, probably belong to this 
species. 

This species is named in honor of Dr. William 
Beebe, Director of the Department of Tropical 
Research, New York Zoological Society, and of 
its Eastern Pacific Expeditions. 


Uca stenodactyla (Milne Edwards & Lucas, 1843). 


Text-figs. 4Q, 5. PL IV, Fig. 15; Pl. V, Fig. 21; 
PL VI, Fig. 28; Pl. IX, Figs. 41, 42. 

(See also pp. 149-154, 156,158-160, 166, 167, 169). 


References: Gelasimvs stenodactylm Milne Ed¬ 
wards & Lucas, 1843, p. 26; 1847, pl. 11, fig. 2. 

Uca stenodactylus Rathbun, 1917, pp. 416-7, 
part.; not pl. 152, fig. 3 or pl. 153. 

Range: Gulf of Fonseca, El Salvador, to Val¬ 
paraiso, Chile. Reported from Brazil, probably 
erroneously, by Milne Edwards. 


Local Distribution: Found on tidal flats and 
protected shores composed of sandy mud which 
is midway in consistency between the extreme 
softness and stickiness of clayey mud and the 
sand of true beaches. The colonies are large as a 
rule and occur near, but not among, mangroves. 

Supplementary Specific Characters: Spoon- 
tipped hairs on merus of second maxilliped 
numerous, arranged in about 15 to 25 closely 
packed rows on inner quarter or third of merus, 
throughout its distal five-sixths. The spoon- 
tipped hairs arising nearest the longitudinal 
center of the merus are so short as to be difficult 
to count; excluding these—that is, counting only 
the spoon-tipped hairs which project beyond the 
inner margin—a rough total of about 160 to 250 
is reached, the lower figures being typical of the 
smaller crabs. Woolly hairs sparse. Ischium of 
third maxilliped with median groove represented 
by a shallow, hairless depression extending about 
half length of ischium, parallel to inner groove; 
entire maxilliped bulging somewhat outward. 

Minor chelae more than half again as long as 
palm, usually coarsely serrated or toothed in 
middle third. This portion includes several en¬ 
larged teeth on each edge; sometimes the dactyl 
serrations consist only of two to four good-sized 
teeth; rarely the serrations appear low and worn. 
In all cases, however, there is a gape only in the 
non-serrated basal portion and, sometimes, be¬ 
yond the serrations distally, since the teeth and 
serrations almost or perfectly articulate. Distal 
part corneous but not dilated, tajiering, the 
tips not articulating, that of dactyl falling inside 
that of pollex. Oblique row of hairs along inner 
margins sparse except for distal brushes. Addi¬ 
tional rows of sparse hairs as follows: two on or 
near dorsal profile of dactyl ? one on external side 
of pollex, near ventral profile. 

Eyebrow broader than adjacent ]>ortion of 
eyestalk. lx>wer orbital margin crenulated 
throughout, though weakly internally. Sub¬ 
orbital region naked except for a short row of 
hairs immediately behind crenulated margins. 

Merus of ambulatories scarcely dilated; even 
in female that of third ambulatory reaches a fifth 
to a quarter of its length beyond orbital angle 
when laid forward. Breadth of merus of third 
ambulatory on minor side of male about a fourth 
to a third of its length. 

Abdominal appendage moderately slender, 
tapering distally. Arm absent, represented only 
by a few bristles arising from a horizontal shelf, 
or, rarely, produced as a rudimentary stump, at 
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the beginning of about the distal eighth or ninth 
of appendage. 

Measurements: The 72 specimens taken include 
the following extremes of length: largest male, 
9.1 ram.; largest females (ovigorous), 5.1 to 6 
mm.; smallest specimen 1.6 mm. 

Color: Displaying males observed through 
binoculars: carapace iridescent gray blue or violet 
blue anteriorly, white or blush pink posteriorly. 
Outside and inside of mcrus and carpus of major 
cheliped yellowish-white to white; outer lower 
art of raanus and all of outer side of pollex 
right lilac pink; upper part of manus and 
dactyl white or pinkish-white; inside of manus 
pale salmon pink; inside of both chelae flame 
orange in brightest, in palest pale salmon. Minor 
cheliped with raerus and carpus yellowish, manus 
and chelae pink or salmon. Eyestalks lemon 
yellow. Buccal and pterygostomian regions 
greenish or yellowish-white to pure white. 
Ambulatories anteriorly (ventrally) flame scarlet, 
the merus brightest; posterior (dorsally) pale 
rosy, the last two legs dullest. As courting males 
brighten in the sunlight from dull browns and 
buffs resembling female coloration, after emer¬ 
gence from their holes, the first change is the 
appearance of the flame color. This shade 
spreads from the inside of the chelae to the inside 
of the manus, then around to the outer lower 
part of the manus in the form of lilac pink; the 
carapace gains last its full brilliant, iridescent, 
violet blue anteriorly, and white or blush pink 
posteriorly. 

Females and young, grayish-brown, mottled 
or spotted; the ambulatories banded gray and 
brown; manus and dactyls of chelipeds white to 
violet; eyestalks yellow in largest. 

Display and Moling: Body held consistently 
high during a series of displays without special 
stretching. Large cheliped starts from folded 
position, held well clear of ground, opens slowly 
outward and only very slightly upward, so that 
at end of gesture it is only a little way above eye 
level; then, without a break in the rhythm, it is 
folded inward and drawn down into place. The 
small cheliped meanwhile makes a small, cor¬ 
responding, outward gesture. Chelae of both 
sides are held slightly open. A few rapid running 
steps are usually taken during each display, 
which itself is slow and measured, with no down¬ 
ward jerk, and lasts slightly more than one 
second. Every few minutes a wave of excitement 
sweeps over half a dozen or so adjacent males—a 
wave which is not to be confused with the fear 
“alert” signal, in which the claw is at once folded 
and a swift return made to the hole. In the ex¬ 
citement under consideration, a female is 
alwavs the stimulus: either one has appeared at 
her nole close by, or has stopped feeding and 
looked around, or has progressed from a distance 
into the neighborhood of the interested males. 
She is not necessarily large (I do not say “not 
necessarily adult,” since very small females have 
been observed carrying eggs); I have never seen 
the response evoked by an ovigerous female. At 


this time the excited, adjacent males raise their 
large chelipeds much higher than usual, holding 
them, when much excited, almost perpendicularly 
above their heads, and race several inches to one 
side and back again, either holding the cheliped 
motionless, or, sometimes, waving it slightly, and 
with the fingers spread wider than usual. Some¬ 
times the cheliped is stretched straight out to the 
side instead. When the female pays no attention, 
passes by, or resumes feeding, the male returns 
to the original, less excited, beckoning type of 
display, which is often accompanied by feeding. 

Often several males, galvanized in the above 
fashion, chase a female some distance, while she 
doubles and dodges skillfully. Sometimes one 
will manage to encircle her with his large cheliped. 
holding her loosely, without touching her, and 
race along with her, apparently trying to direct 
her toward his hole, while she endeavors to duck 
out from under and escape, although she never 
seems actually frightened and the male never 
seems to make a serious effort to hold her. On all 
of the numerous occasions I have watched this 
performance, it has always ended with the fe¬ 
male’s escaping and racing down her own hole. 
Sometimes brief duels result between males who 
have been chasing the same female. The whole 
performance seems to be at the least an expres¬ 
sion of excess energy, rather than any serious 
attempt at mating, and may even be interpreted 
as an approach to sheer sexual play or sport. 

Actual mating, on the surface, was observed 
twice; on about three or four other occasions a 
female was induced by the male to follow him, 
after violent display at an increased tempo, down 
his hole; she stayed for varying lengths of time, 
from ten minutes to indefinitely, the tide covering 
the hole in the latter cases l>efore either crab 
emerged. 

The first surface mating seen was on February 
14, at La Boca, and was particularly interesting 
because of the actions of the female. The latter, 
along with others close by, were for the first 
time observed to be building high thick walls of 
pellets around their holes. High tide came at 
noon; the sky was about two-thirds clear. Start¬ 
ing about an hour and a half before low tide a 
number of the largest females swiftly began to 
build walls. In each case the muddy sand was 
scraped from a distance, usually about two 
inches, beyond the mouth of the hole, as with the 
male shelter builders (U. beebei , U. latimanus and 
U. ierpsichores) f not brought up from below as 
with the females and young of 17. laiimanus, 
which stop up the mouth of the burrow with a 
small dome, presumably against the heat of the 
sun. The highest of the stenodadyla walls was 
about two-thirds of an inch; some were lower but 
thicker, being an inch and a half across the outer 
circumference. By dead low tide all of the fe¬ 
males concerned had entered and sealed them¬ 
selves in with the tossing of a few pellets across 
the top. No ovigerous females were seen building 
walls, and no small ones. The males seemed to be 
paying especial attention to the builders during 
operations. 
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The copulation mentioned above occurred as 
follows: An adult male, large and moderately 
brightly colored, displayed before a female who 
watched attentively from near her just-completed 
wall. They then both walked slowlv over to it. 
When they reached it, she climbed halfway to its 
top, clinging to it, while the male remained at 
the bottom, reached up with his minor middle 
ambulatories, and stroked her adjacent ambula¬ 
tories gently. Then they both climbed to the 
broad top of the wall, and he spent almost a 
minute stroking her legs and carapace, very 
gently, with both major and minor ambulatories 
and with his minor cheliped; occasionally she 
stroked him in return. She made no effort what¬ 
ever to descend into her hole. Finally they both 
very deliberately straddled the wall, whicn gave 
them excellent support, sternum to sternum, the 
posterior part of the carapaces not quite touching 
the wall. The male clasped the female about the 
body, between her first and second ambulatories, 
with his first and second, supporting himself on 
the sides of the wall with his last two pairs. He 
was slightly higher than she; the major cheliped 
was not used at all, but rested folded just above 
her eyes, not touching her. The minor cheliped 
rested lightly on her carapace, behind her right 
eye. Her abdomen was (I think) underneath, 
and his apparently bent back, although since 
her back was toward me, it was difficult to make 
sure. At first he continued to stroke her legs a 
little every few seconds, very lightly, with the 
two pairs of legs which held her. Then they 
both remained absolutely motionless for about 
two and one half minutes. Then, although they 
had not been alarmed or disturbed, she swiftly 
but gently disengaged herself and slipped down 
her hole. The male made no effort to follow but 
descended to the ground, swinging his abdomen 
down and back into place three or four times as 
he did so; he then began feeding normally at 
once. The female never reappeared, except to 
close her hole with a plug within the next three- 
quarters of an hour. It was then just about dead 
low tide, the time of greatest activity in the 
colony. The male definitely stood guard at 
first, shooing off two other males who came from 
time to time to the top of her wall and peered 
down. Several times the guarding male mounted 
the wail, straddling the hole, and threatened off 
aggressors by lunging at them with his large 
cheliped, in motions quite different from the 
display “beckonings.” He never made any 
effort, to descend the female's hole. 

A second mating was observed on February 28. 
In this case the male had been courting the female 
for at least an hour, catching her attention with 
display, approaching her hole, and getting as far 
as stroking her. She had not built a wall, and 
each time he approached her slipped down her 
hole after having allowed several stroking^. 
Finally mating occurred, at the mouth of tier 
hole, the position being much as in the pairing 
previously described, and I secured several 
photographs (Plate IX). This time the abdomen 
of the female was dearly outside that of the male. 


Since I was busy with the camera, I did not 
count seconds to time the copulation, but it 
seemed to last two or three minutes, as in the 
other case. As before, the female ended it by 
going down her hole, which she eventually 
plugged up. 

As in other species, I believe that the more 
usual method of mating is for the male to induce 
the female to follow him down his hole (see p. 
157). I have no idea of the significance of ttie 
walls erected by large females, which, after the 
first observations of them, were on some days 
absent from the colony and on other days fairly 
numerous; weather conditions did not seem to 
be involved. 

A strange episode was the deliberate destruc¬ 
tion of the wall of an exceptionally large female 
by an immature male. He had just started to 
stroke her legs with his, after an incomplete, 
brief, very elementary display, to whicti she 
appeared to pay no attention. She was on the 
side of the wall, he at the base. At this point she 
climbed to the top and disappeared down her 
hole He did not try to follow, but at once 
began systematically tearing the wall down, 
using chiefly the ambulatories of the minor side, 
and did not stop until it was well levelled ana 
trampled flat, the operation lasting about five 
minutes. Then he moved off to his own hole and 
began feeding unconcernedly. After a few 
minutes she emerged and l)egan feeding too. 
She showed no evidence of any emotion, or even 
realization that the wall was gone, and did not 
rebuild before the tide covered her hole 

Breeding: Ovigerous females were fairly com¬ 
mon in the colony at La Boca in February. 
Three were captured at Corinto, Nicaragua, in 
January. The eggs, which measure between 
.25 and .27 mm. in diameter after having been 
preserved in alcohol, number from about 1,000 
to 1,500. There were many very young sj>eci- 
mens at Corinto in January, but not at La Boca 
in February. 

Growth: Although the major chelqieds are as 
usual short and sj>ecifically uncharacteristic in 
the young, and the carapace relatively flat and 
narrow, ttie broad eyebrows, moderately narrow 
front, minor cheliped strongly toothed in the 
central area ? and second raaxillipeds with abund¬ 
ant spoon-tipped hairs, make them difficult to 
confuse with the young of any species except, 
possibly, those of U. beebei, of which very young 
specimens have not been identified with cer¬ 
tainty. Comparable specimens of the two species 
measuring 2.7 mm. in length are readily distin¬ 
guishable by the more slender ambulatories in 
U, stenodactyla. Specimens of the latter under 
2 mm. long have only about 25 spoon-tipped 
hairs, but these are strongly developed. Young 
between 1.6 and 3 mm. long ran freely in and out 
of the burrows of largers crabs, both of their own 
species and of U. sty lifer a, at Corinto. In young 
males the major cheliped is the first part of the 
crab to show adult coloration, turning gradually 
pinkish, with the tips of the claws taking on 
color last; the carapace changes next from the 
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mottled phase, becoming blue and white; and 
the ambulatories are the last to be transformed, 
changing from the banded coloration to buff ana 
scarlet. 

Burrows: The burrow of a large male extends 
from two to six inches straight underground, 
then turns with a short crook at the end, or else 
it may continue diagonally from the turn to a 
total of about nine inches underground A 
smooth, clean area is usually left for several 
inches or more around the hole, the size of this 
display ground depending on the extent of 
crowding in the colony 

Remarks: The specimen illustrated by Rathbun 
(1917, pis. 152, 153) should be referred to U . 
beebei (see p. 195). 

Material: A total of 72 specimens was taken 
from Corinto, Nicaragua; Port Parker and 
Golfito, Costa Rica; La Boca, Balboa, Canal 
Zone; and Panama City, Panama. Cat. Nos. 
381,145, 381,14G, 381,147, 4127, 4128. 

Uca helleri Rathbun, 1902. 

Text-figs. 4R, 5. 

(See also pp 149, 161, 166, 167, 169). 

Reference: Uca helleri Rathbun, 1902, p. 277, pi. 
12, figs. 3 and 4; 1917, p. 415, pi. 151. Boone, 1927, 
p. 278, fig. 98. 

Range: Galdpagos Islands. 

Supplementary Characters: Spoon-tipped hairs 
on merus of second maxilliped moderately 
numerous, arranged in about 12 to 15 or more 
rows on inner fifth or quarter of merus, through¬ 
out its distal half. The spoon-tipped hairs 
arising nearest the longitudinal center ol the 
merus are so short as to be difficult to count; 
excluding these—that is, counting only the spoon- 
tipped hairs which project beyond the inner 
margin— a rough total of about 3 30, in a female 
7.7 mm. long, is reached. Woolly hairs moder¬ 
ately sparse. Ischium of third maxilliped with 
median groove represented by a shallow, hairless, 
distal depression. 

Minor chelae almost once and a half times as 
long as manus, widely gaping to the abruptly 
tapering, corneous, articulating tips. Prehensile 
edges armed only with rudimentary, fine serra¬ 
tions, sometimes almost lacking. An oblique row 
of jrather long hairs along inner side, sometimes 
interrupted distally, but resumed as the usual 
long brushes distally. Traces of two or three 
additional rows, represented only by a few 
stubby hair bases, near profiles of both dactyl and 
pollex. 

Eyebrow about as broad as adjacent portion of 
evestalk. Lower orbital margin well crenulated 
throughout. Suborbital region naked except for 
a row of hairs immediately behind crenulated 
margins. 

The abdominal appendage of a young male 
(3.7 mm. long) is moderately slender with a slim, 
rudimentary arm arising at about the distal fifth. 

Material: The four specimens at present in the 
collections of the Department of Tropical Re¬ 


search were taken at Tower Island, Galapagos, 
by the Arctvrus Oceanographic Expedition in 
1925. They consist of two males, 3.2 and 3.7 mm., 
and two females, 4.2 and 8 mm. in length. They 
have already been recorded by Boone (1927, p. 
278). The male illustrated by her (p. 279, fig. 
98) has been mislaid. 

Uca crenulata (Lockington, 1877). 

Text-figs. 4S, 5. 

(Sec also pp. 149, 151, 166, 169). 

R(fercnces: GcUmmns crenulatus Lockington, 
1877, p. 149. 

Uca crinulata , Rathbun, 1917, p. 409, pi. 146. 

Range: Previously known from San Diego, 
California, to Mazatlan, Mexico. The present 
collection extends the range south about 4 
degrees to Tenacatita Bay, Mexico. 

Local Distribution: Found on the muddy shore 
of a lagoon. 

Supplementary Specific Characters: Spoon- 
tipped hairs on merus of second maxilliped 
numerous, arranged in about 12 to 15 rows on 
inner fifth or quarter of merus, throughout its 
distal half, and numbering roughly 175 to 200 in 
large specimens (borrowed from the American 
Museum of Natural History), and about 125 in 
the smaller males (about 6 mm. long) in the 
present collection. Woolly hairs sparse. Ischium 
of third maxillii)ed with median groove repre¬ 
sented by a shallow, hairless, distal depression. 

Minor chelae about once and three-fifths times 
as long as manus, widely gaping to the abruptly 
tapering, corneous, articulating tips. Prehensile 
edges armed with weak serrations. An oblique 
row of hairs along each inner surface, ending in a 
short brush distally; another row of longer hairs 
along inside of each prehensile edge. Traces of 
two or three rows of stubby, microscopic hairs 
near dorsal profile of dactyl and ventral profile 
of pollex, respectively. 

Eyebrow almost as broad as adjacent jjortion of 
eyestalk, scarcely inclined. Lower orbital margin 
crenulated throughout. Suborbital region naked 
except for a row of hairs immediately behind 
crenulated margins. 

Abdominal appendage slender, with well de¬ 
veloped, slender arm arising about seven-eighths 
of the way to the tip. 

Measurements: The three specimens taken con¬ 
sist of two males measuring 5.9 and 6.24 mm. in 
length, and one immature female, 5 mm. long. 

Material: All were taken at Tenacatita Bay, 
Mexico. Cat. No. 381,151. 

I/co limicola sp. nov. 

Text-figs. 4T, 5: PI. IV, Fig. 17; Pi. V, Fig. 22; 

Pl. VI, Fig. 29. 

(See also pp. 149, 166, 169), 

Diagnosis: Carapace semi-cylindrical in lateral 
view; front behind eyes slightly more than a 
quarter maximum width of carapace; orbits 
scarcely oblique; antero-lateral margin slightly 
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concave, followed by a sharp angular turn inward 
and backward; orbital angle acute, moderately 
produced. Minor chelae gaping moderately 
widely throughout length to articulating tips, 
feebly serrated. Oblique ridge inside palm of 
major cheliped present, strong in upper half; 
pollex tapering distally to a rounded tip, not 
obliquely truncate; several slightly enlarged 
teeth in each chela. Eyebrow slightly more than 
half width of adjacent portion of eyestalk, con¬ 
tinued outward almost as far as orbital angle. 
Merus of second maxillipeds with about 100 to 
135 spoon-tipped hairs. Abdominal appendage 
of male slender with well developed arm. 

Description: A small sjiecies. Carapace with 
regions practically indistinguishable, including 
fl-fonn depression; surface covered with widely 
spaced microscopic hairs. 

Carapace strongly convex, semi-cylindrical in 
lateral view, widest at orbital angles. Antero¬ 
lateral margins concave, slanting slightly inward, 
about half as long as width of front behind eyes. 
They then turn inward and backward at a sharp 
angle, continuing in the form of the usual concave 
ridge as far as middle of cardiac region. Sides of 
carapace concave, scarcely converging. Front 
between posterior margins of eyestalks slightly 
more than one-fourth width of carapace; the 
distal part of its marginal ridge obsolescent. 
Marginal line of front distinct. Upper margin of 
orbit sinuous, scarcely oblique. Eyebrow slightly 
more than half width of adjacent portion of eye- 
stalk, moderately inclined, continuing outward 
almost to orbital angle. Lower orbital margin 
little projecting, crenulated throughout, the most 
internal crenulations, though small, being per¬ 
fectly formed. Suborbital region naked except 
for a row of hairs immediately behind orbital 
margin. Third to sixth abdominal segments in 
male very incompletely fused. 

Spoon-tipped hairs on merus of second maxil- 
lij>ed moderately numerous, arranged in about 10 
rows on inner fifth or quarter of merus through¬ 
out its distal three-fifths, and numbering roughly 
about 100 to 135. Ischium of third maxilliped 
with median groove represented only by a mar¬ 
ginal indentation. 

Minor chelae about once and a sixth as long 
as palm, gaping moderately widely throughout 
length as far as the articulating, corneous tips; 
the latter are scarcely dilated and taper distally. 
Prehensile edges feebly serrated. Oblique row 
of hairs along inner margins of dactyl and pollex 
well develojied, ending in long, thick brushes. 
Another pair of rows, on outside, close to their 
prehensile margins, also elongated distally, al¬ 
though not so much as inner hairs. Traces of 
four other rows, two near dorsal profile of dactyl 
and two near ventral profile of pollex respectively. 

Large cheliped of male with ann and wrist 
granulated and finely rugose externally. Hand 
about two-thirds as broad as long. Upper surface 
of palm rounded, bent over proximally to bound 
carpal cavity sharply; lower margin marked by an 
elevated line of microscopic, close-set granules. 
Entire upper and outer surface covered with 


moderately fine, close-set low tubercles, largest 
dorsally. Inner, lower, proximal part of palm, 
near ventral profile, roughened very slightly by a 
few microscopic granules; carpus of first ambula¬ 
tory on major side similarly roughened with a 
very few minute granules. 

An oblique tuberculated ridge on ixmer side of 
manus of major cheliped, strong throughout, the 
tubercles in a single line, continuing distinctly to 
upper margin. Carpal eminence moderately 
develoi>ed. A row of similarly strong tubercles 
arises close to dorsal margin at base of dactyl, 
continues obliquely downward, and dies out 
along pollex in a gradually obliterated line close 
to and paralleling prehensile margin. Across base 
of dactyl, distal to this first row, are several 
rudimentary tubercles. 

Major dactyl slender, about once and a quarter 
times as long as manus, with only a few fine 
granules dorsally at extreme base, arched down¬ 
ward distally beyond tip. Gape wide throughout 
with very small, low, tubercular teeth, of which 
one in the proximal half of the dactyl and 
several more in distal half of pollex are enlarged. 
In addition there may be several slightly en¬ 
larged on the dactyl. On external side are two 
rows of microscopic granules close to and paral¬ 
leling prehensile edges of dactyl and pollex, 
respectively. 

Merus of ambulatories scarcely enlarged. 

Abdominal appendage of male slender, with 
an obliquely truncate tip, and a well developed, 
slender, tapering ann arising about six-sevenths 
of way to tip. 

Measurements: Male holotype, length 5.8 mm., 
breadth 9.2 mm., base of manus to tip of pollex 
15.8 mm.; 11 male paratypes, length 3.6 to 6.6 
mm.; 8 female paratypes (non-ovigerous), length 
3.9 to 6.4 mm. 

Affinities: U. Umicola is most closely related 
to crenulafa and deic/manni. The principal dis¬ 
tinctions are indicated in the key. In the special¬ 
ization trends shown in Group 5, directed toward 
increased arching of carapace and reduction of 
serrations and increase in gape of the minor 
chelae, the proposed new species is a perfect 
intermediate between crenulata and deichmanni . 

Range: Known only from Golfito, Gulf of 
I)ulce, Costa Rica. 

Local Distribution: Found along the muddy 
bank of a slightly brackish stream. 

Material: The 20 specimens consist of the 
male holotype, Cat. No. 381,152, and 11 male and 
8 female paratypes, Cat. No. 381,153, all from 
Golfito, Costa Rica. 

The name limicola is given to this species in 
reference to its occurrence in mud. 

Uca deichmanni Rathbun, 1935. 

Text-figs. 41T, 5; PI. IV, Fig. 18; PL V, 

Fig. 23; Pl. VI, Fig. 30. 

(Bee also pp. 149, 150, 153, 156, 166, 167, 169). 

Reference: Uca deichmanni Rathbun, 1935, p. 52. 

Range: Previously known only from the holo- 
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type, taken at Panama. The present collection 
was made between Port Parker, Gosta Rica, and 
Old Panama, R. P. 

Local Distribution: Found on very moist, 
gravelly, muddy sand, or on pure sand, often at 
the borderland between beach and mud flat, and 
often in the same type of terrain close to large, 
scattered stones. Burrows only about tliree 
inches deep. 

Supplementary Specific Characters: The present 
material has been compared with the holotype 
at the U. S. National Museum and found to 
agree perfectly. In the light of these additional 
specimens, Miss Rathbums preliminary descrip¬ 
tion may be amplified as follows: 

Diagnosis: Carapace semi-cylindrical in lateral 
view; front behind eyes about a quarter maxi¬ 
mum width of carapace; orbits moderately 
oblique; antero-lateral margin concave, followed 
by a moderately sharp turn inward and back¬ 
ward; orbital angle acute, slightly produced. 
Minor chelae gaping widely throughout length 
to tapering, poorly articulating tips; edges 
feebly serrated. Oblique ridge inside palm of 
major cheliped present, weak in upper half; 
pollex obliquely truncate; only one enlarged 
tooth on chelae, located at beginning of middle 
third of dactyl. Eyebrow almost as wide as 
adjacent portion of eyestalk, dying out, except 
for an elevated line, less than three-fourths of way 
out to orbital angle. Merus of second maxillipeds 
with about 150 to 200 spoon-tipped hairs which 
are long enough to project beyond inner margin, 
and additional shorter ones. Abdominal ap¬ 
pendage of male slender with well developed arm 
arising at distal eleventh. 

Description: A small species. Carapace strong¬ 
ly convex, semi-cylindrical in lateral view, widest 
at orbital angles^ regions fairly well indicated, 
due to their individual convexities; surface naked. 

Antero-lateral margins concave, slanting slight¬ 
ly inward, less than half as long as width of front 
behind eyes. They then turn inward and back¬ 
ward at a broad, not strongly marked angle, in 
the form of the usual concave ridge as far as 
middle of cardiac region. Sides of carapace sinu¬ 
ous, slanting slightly either outward or in. Front 
between posterior margins of eyestalks about one- 
fourth width of carapace. Eyebrow slightly 
more than half as wide as eyestalk; margin of 
front distinct but weak. Lower margin of orbit 
strongly projecting, strongly crenulated through¬ 
out, the most internal crenulations, though small, 
being perfectly formed. Suborbital region com¬ 
pletely naked. Third to sixth abdominal seg¬ 
ments in male showing faint signs of partial 
fusion. 

Spoon-tipped hairs on merus of second maxil- 
liped numerous, arranged in about 14 to 20 rows 
on inner quarter aft third of merus throughout 
its distal three-fifths and numbering roughly 
about 150 to 200, counting only those spoon- 
tipped hairs which are long enough to project 
beyond inner edge of merus. Ischium of third 
maxilliped with median groove represented by a 
very shallow, hairless depression on distal third. 


Minor chelae about once and a half as long as 
palm, gaping widely throughout length to the 
slender, tapering, poorly articulating tips. Pre¬ 
hensile edges with feeble serrations barely dis¬ 
tinguishable. Oblique row of hairs along inner 
margin of dactyl and pollex moderately well 
developed, ending in long, thick brushes. Another 
pair of rows, on outside, close to their prehensile 
margins, also elongated distally, although not 
so much as inner hairs. Traces of five other rows, 
three on upper, outer side of dactyl and two on 
outer side of pollex, near ventral profile, re¬ 
spectively. 

Large cheliped of male with arm and wrist 
externally finely granulate on rugosities. Hand 
slightly more than two-thirds as broad as long. 
Upper surface of palm rounded, bent over 
proximally, to bound carpal cavity sharply; 
lower margin faintly cristate. Entire upper and 
outer surface covered with fine, close-set granules, 
larger dorsally; erosions mentioned in type 
description inconspicuous. Inner, lower, proxi¬ 
mal part of major palm, near ventral profile, 
roughened very slightly by a few microscopic 
granules; carpus of first ambulatory on major 
side with no more than several minute granules 
for roughening. 

An oblique, tuborculated ridge on inner side of 
manus of major cheli{)ed, greatly elevated, strong 
and composed of a single row of tubercles as far 
as carpal cavity; bej^ond this it continues to 
dorsal profile as an irregularly double row of 
small, low tubercles, not at all elevated. Carpal 
eminence strongly developed. A row of distinct, 
moderate-sized tubercles arises close to dorsal 
margin at base of dactyl, continues downward 
and dies out along pollex in a gradually obliter¬ 
ated line close to and paraDeling prehensile 
margin. Across base of dactyl, distal to this first 
row, is a line of four or five small but distinct 
tul>ereles. 

Major dactyl slender, about once and a half 
times as long as manus, with only a few fine 
granules dorsally at extreme base, arched down¬ 
ward distally beyond tip of pollex, which is also 
slender, with the tip obliquely truncate. Cape 
wide throughout with numerous small, low, 
similar teeth except for one, much enlarged, about 
one-third of way to tip of dactyl. A row of small 
tubercles proximally close to prehensile edge of 
dactyl both internally and externally. A corre¬ 
sponding one on external side of pollex. 

Ambulatories slender, the merus scarcely en¬ 
larged. 

Abdominal appendage of male slender with a 
convexly truncate tip, and a well developed, 
slender arm arising at the beginning of about the 
distal eleventh. 

Measurements: The 64 specimens taken include 
the following extremes of length; largest male, 
6.4 mm.; largest female, 6.4 mm.; ovigerous 
female, 5 mm.; smallest male 3 mm.; smallest 
female, 3.1 mm. 

Color: Displaying males observed through 
binoculars: carapace and dorsal (posterior) sides 
of ambulatories, brownish or dark gray. Outer 
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side of merus and carpus of major cbeliped dark 
brown; outer side of manus and chelae dazzling 
pure white; inner side of merus and carpus 
magenta; inner side of manus and chelae violet 
rose, or, sometimes, ochre. Buccal and pterygo- 
stomian regions violet blue; subhepatic region 
bottle green. Ventral (anterior) side of merus of 
first three ambulatories yellowish. 

Eggs magenta. 

Display: During each display body is elevated 
as high as possible on all four pairs of legs. At 
beginning cheliped is flexed at right angles, paral¬ 
lel to front, covering front completely. Chelae 
are held slightly open, parallel to each other. 
With a 6wift movement cheliped is opened and 
raised with an upward and outward swing. At 
point of liighest possible stretch it is held for an 
instant, exactly as in a Fascist salute, then 
lowered swiftly in the same plane in which it was 
raised. The display is repeated without pause; 
hence, unlike other species, the accent is at the 
peak of the elevation of the cheliped, not at the 
flexed position. During display, the minor 
cheliped remains flexed, or hangs motionless. A 
few steps in either direction may be taken during 
display, which is made at the rate of about two 
to the second. Twelve or fifteen displays may be 
made without pause. 

Breeding: Ovigerous females were seen at 
Balboa, and in nearby regions in Panama, 
throughout February. Only one was captured. 
The eggs, which measure ,24 mm. in diameter 
after having been preserved in alcohol, number 
about 2,000. 

Affinities: This species is most closely related 
to U. Hrriicola. The distinctions are indicated in 
the key. 

Material: The 04 specimens in the collection 
were taken at Port Parker, Piedra Blanca, Uvita 
Bay, and Golfito, Costa Rica; at Bahia Honda. 
Panama City, and Old Panama, Panama; and 
at La Boca, Balboa, Canal Zone. Cat. Nos, 
381,154, 381,155, 381,156, 381,157, 381,158, 
4141, 4142, 4143. 

Uca latimanus (Rathbun, 1893). 

Text-figs. 2, 3, 4V, 5. PI. VI, Fig. 33, PI. VII, 
Fig. 36; PI. VIII, Figs. 38, 39, 40. 

(See also pp. 149, 150, 153-159, 161, 165-167,169). 

R(ferences: Gelasimus latimanus Rathbun, 1893, 
p. 245. 

Uca latimanuby Rathbun, 1917, p. 422, pi. 157. 

Ranae: La Paz, Lower California, to Tumaco, 
Cdomoia. 

Local Distribution: Sandy-mud and muddy 
banks of fresh- and brackish-water streams and 
lagoons. 

^ Supplementary Specific Characters: Spoon- 
tipped hairs on merus of second maxilliped ex¬ 
ceptionally numerous, covering all except outer 
third of dorsal surface, found even on proximal 
art of inner margin, though flanked externally 
y the usual long ana short slender-tipped hairs. 
The spoon-tippea hairs are arranged in about 45 
or more rows in fairly regular quincunxial forma¬ 


tion. Counting only those which arise near the 
margin and are long enough to project beyond it, 
a total of about 400 or more can be counted on a 
mature specimen. Woolly hairs moderate in 
number. Ischium of third maxilliped broad, 
smooth, strongly convex and practically naked, 
with median groove absent and even inner 
groove, though distinct, not deep. 

Minor chelae about once and a half times as 
long as palm, gaping widely throughout length 
to the slender, tapering, corneous tips, which 
articulate poorly. Prehensile edges without a 
trace of teeth or serrations Oblique rows of hairs 
along inner margin of dactyl and pollex poorly 
developed, except for distal brushes of long hairs. 
Other rows, all irregular and represented chiefly 
by several isolated, fairly long hairs, are found 
on both surfaces of both chelae. 

Eyebrow about as broad as adjacent portions 
of eyestalk. Marginal line of front well developed. 
Lower orbital margin crenulated throughout, the 
internal crenulations small but distinct. Sub¬ 
orbital region naked except for one to three short 
rows of hairs, immediately behind crenulated 
margins. 

Ambulatories short, in addition to the well 
known breadth of all segments. That of merus of 
third ambulatory on minor side of male is fully 
two-fifths of its length. 

Abdominal appendage moderately slender, 
tapering little distally. Arm well developed, 
arising at about distal tenth of appendage. 

Entire lower proximal inner surface of manus 
roughened by close-set granules, opposable to a 
conspicuous corneous ridge on anterior (ventral) 
surface of carpus of first ambulatory. 

Measurements: The 59 specimens taken include 
the following extremes of length: largest male, 

9.5 mm.; largest female, 8.6 mm.; smallest male, 

4.5 mm.; smallest female, 3.1 mm. 

Color: Displaying males observed through 
binoculars: carapace white, usually marked 
sparingly with slate or brown, but quite often 
pure, dazzling white. Major cheiii>cd, except 
chelae, externally bright tawny, or tawny orange, 
sometimes with a salmon tinge. Inside of merus 
similar to outside. Chelae white both outside 
and in. Inside of manus and carpus less bright 
than outside. Minor cheliped bluish-white. 
Buccal, pterygostomian and subhepatic regions 
and all underparts bluish-white to pure white. 
Anterior (ventral) sides merus of first three pairs 
of ambulatories bright plum red, rest of anterior 
sides of ambulatories slate blue; posterior (upper) 
side of ambulatories white with slate or brown 
markings stronger and more numerous than 
those on carapace. The above coloration is 
acquired very gradually, in the sun, during and 
after completion of the shelter, the building of 
which follows feeding in the daily routine. At the 
earliest the coloration is acquired about two 
hours after high tide, and then only, by crabs 
living high on the beach; usually it appears much 
later, about an hour bkore low tide. In this 
species display coloration is lost especially 
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quickly when the crab is held in the hand or 
bottled, so that in a few minutes it is quite 
indistinguisliable in color from females and non¬ 
displaying males. 

Non-displaying males: Carapace and all legs 
olive brown speckled with gold; in addition a set 
of larger gold spots is invariably arranged as 
follows: three in a triangle on mesogastric region, 
one pair on hepatic, one pair on branchial, one 
unpaired spot on cardiac region. Manus light 
ochraceous brown. When crab is caught the 
latter darkens quickly. Chelae bluish-wliite. 
Minor cheliped slate gray. Undersides of legs 
dark slate gray. Sternum and abdomen bluish- 
white. 

Coloration of females and young is exactly 
similar, except, of course, for the lack of a bright 
manus in the major cheliped. 

Display: Body held moderately high, position 
unchanged during display. Cheliped starts slowly 
from position held flexed in front of mouth, 
sweeps down and outward, almost touching 
ground, and then on upward at the same slow 
rate. When it reaches topmost point, without a 
pause it is brought straight downward and in¬ 
ward swiftly, with a jerk. Entire display is 
fairly slow, at the rate of about one to a second. 
Before an interested female the display is con¬ 
siderably quickened, with a higher upward reach, 
and the small cheliped is vibrated up and down 
in front of the mouth, three or four times to each 
gesture of the major cheliped, the crab mean¬ 
while facing the female constantly. Chelae of 
both chclij>cds are held half open. Except for 
moving to face the female, steps are not usually 
taken during display. 

Shelters: For an account of shelter-building, 
and its connection with color change and display, 
see pp. 155-157. 

Breeding: Several ovigerous females were seen 
at La Boca, but none was taken. 

Material: A total of 59 specimens was taken 
from Tenacatita Bay, Mexico; Corinto and San 
Juan del Sur, Nicaragua; Port Parker and Golfito, 
Costa Pica; La Boca, Balboa, Canal Zone; and 
Panama City, R. P. 


Uca terpsichores sp. nov. 


Text-figs. 4W, 5; PI. IV, Fig. 19; PL V. Fig. 24; 
PI. VI, Fig. 31; PI. VIJ, Fig. 37. 

(See also pp. 149, 150, 153-157, 160, 165, 166, 170). 


Diagnosis: Carapace semi-cylindrical in lateral 
view, front behind eyes slightly more than a 
fifth maximum width of carapace; orbits scarcely 
oblique; antero-lateral margins concave, then 
curving gradually inward and backward; orbital 
angle very acute, produced. Minor chelae gaping 
widely throughout length, very slender, tapering, 
tips articulating poorly, serrations absent. 
Oblique ridge inside palm of major chelij)ed 
present, reaching dorsal profile far out almost 
at base of dactyl. Strong stridulating ridges, on 
lower inner proximal part of major manus, and 
on merus ana carpus of first ambulatory of major 
side, respectively. Eyebrow about as wide as 


adjacent portion of eyestalk. Merus of second 
maxillipeds with hundreds of spoon-tipped hairs, 
covering inner three-fifths or more of dorsal 
surface. Abdominal appendage of male slender 
with rudimentary arm arising at distal. Manus 
of first major ambulatory with a longitudinal 
row of thick-set bristly hairs near ventral profile. 

Description: Carapace strongly convex, semi- 
cylindrical in lateral view, widest at orbital 
angles, regions poorly indicated, naked except for 
a very sparse scattering of microscopic hairs. 

Antero-lateral margins concave, two-thirds 
width of front behind eyes. They then curve 
inward and backward very gradually in the 
form of the usual concave ridge as far as middle 
of cardiac region. Sides of carapace with a strong 
median indentation. Front behind posterior 
margins of eycstalks slightly more than a fifth 
maximum width of carapace, the distal part of 
its marginal ridge obsolete. Orbital angle very 
acute, produced. Um>er margin of orbit sinuous, 
scarcely oblique. Eyebrow about as wide as 
adjacent portion of eyestalk, moderately inclined, 
traceable outward almost to orbital angle, 
Lower orbital margin projecting strongly, even 
beyond level of front, with strong crenulations 
only externally, those on inner half l>cing almost 
or completely obsolete. Suborbital region com¬ 
pletely naked. Pterygostomian region tumid. 
Third to sixth abdominal segments in male 
almost completely fused. 

Spoon-tipped hairs on merub of second maxil- 
liped abundant, arranged in about 25 to 30 rows, 
covering inner three-fiftlis or more of dorsal 
surface, and numbering roughly about 125 to 
200, counting only those spoon-tipped hairs 
which are long enough to project beyond inner 
edge of merus. Ischium of third maxilliped 
strongly convex, practically naked, its median 
groove absent and inner groove obsolescent. 

Minor chelae very slender, almost twice as 
long as palm, gaping widely throughout to the 
corneous, tapering, poorly articulating tips. Pre¬ 
hensile edges without serrations, but with a few 
long hairs in median portion. Oblique row of 
hairs along inner sides of dactyl and pollex 
represented by a few long isolated hairs and well 
developed terminal brushes. Traces of other 
rows outside, and along dorsal and ventral 
profiles; short external terminal brushes. 

Large cheliped of male with arm and wrist 
externally finely granulate on rugosities. Hand 
about four-fifths as broad as long. Upper surface 
of palm rounded, bent over proximally to bound 
carpal cavity sharply; lower margin moderately 
cristate. Entire upper and outer surface covered 
with fine granules, larger dorsally. On inner 
lower proximal side of palm is a well developed 
stridulating ridge, composed of short elevated 
lines, roughly parallel to each other and to the 
longitudinal axis of the cheliped; carpus of first 
ambulatory on major side with a row of tubercles 
opposable to the stridulating ridge; tul>ercles 
continuing in an oblique row on distal end of 
ambulatory merus. 
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An oblique tuberculated ridge on inner side of 
manus of major chelipcd, starting from lower 
margin near base of pollex, continuing to carpal 
cavity, and then curving upward and forward 
to reach the bent over dorsal margin almost at 
the base of the dactyl Although composed of a 
single row of tubercles tliroughout most of its 
length, in its terminal portion it merges with a 
cluster of tul>ercles. Carpal eminence moderately 
developed. A short curving row of tubercles 
arises close to dorsal margin at base of dactyl, 
and continues, after an interruption, for a short 
distance out along pollex close to prehensile 
margin. Across base of dactyl, distal to this 
first row, is a row of small, rudimentary tubercles. 

Major dactyl slender, about once and a half 
times as long as manus, finely granulate basaliy 
and along dorsal profile, curving gradually 
downward beyond tip of pollex. The latter is also 
slender, the tip tapering and curving slightly 
upward. Gape wide throughout with numerous 
small teeth, of which one near base of dactyl and 
about four scattered along pollex are enlarged. 
Those on distal two-fifths of dactyl are remark¬ 
ably fine and even, and are serrations rather than 
teeth. Traces of rows of tul^ercles near prehensile 
edges of both dactyl and pollex, both externally 
and internally. 

Ambulatories slender, the merus scarcely en¬ 
larged. Manus of first ambulatory on major side 
short and thick, with a row of thickset bristly 
hairs near ventral profile. 

Abdominal appendage of male slender, the 
short arm arising about four-fifths of distance to 
tip. 

Measurements: Male holotype, length 6.3 mm., 
breadth 10.4 mm., base of manus to tip of pollex 
16 mm.; 2 female para types, length 0.4 mm., 
breadth 11 mm.; 1 female paratype, length 6.2 
mm., breadth 10.5 mm.; 1 male paratype, length 
6 mm.; 7 males 3.7 to 5.8 nun.; 5 females, 3.7 to 
5.7 mm. 

Color: Displaying males observed through 
binoculars: sometimes completely pure white, 
except for lower outer part of manus, base of 
pollex and inner side of merus, which are bright 
shell pink to violet pink. More often there are 
markings of yellow ochre on carapace, in addition 
to, or instead of, yellow ochre on the upper part 
of the merus of the major cheliped, outside and 
in. The anterior side of the ambulatory meri are 
apparently always white. 

Females plain grayish, not spotted. 

Display: Body held high off ground, legs 
stretched, during an entire series of displays. 
Cheliped starts from position extended straight 
forward in front of crab, touching or nearly 
touching ground. It is then elevated, diagonally 
upward, with a slight outward curve, then 
dropped with a jerk into its original place 
stretched in front of crab. A pause follows, so 
that the accent is here. The small cheliped 
makes a feeble corresponding gesture. A few 
steps may be taken during display in either 
direction. Movement is swift, about two displays 


taking place to the second. When at the mouth 
of the shelter, before an interested female, the 
cheliped may be extended stiffly straight out at 
side, either held motionless or vibrated up and 
down with extreme rapidity; meanwhile, at 
random one ambulatory or another, and some¬ 
times the minor cheliped as well, are raised and 
extended laterally, then returned to place and 
another leg at once extended; sometimes a leg 
on each side—seldom members of the same pair— 
are in the air at a given instant. The crab does 
not move at all from its chosen display spot, and 
the effect is that of a complicated dance step 
similar to a clog. 

Shelter: In this species the shelters erected by 
displaying males are similar to those of U. loti - 
manus ) but form more perfect hoods, and are far 
superior to those of U. beebei. The shelters are 
the largest of all tliree species, measuring up to 
30 mm, high, 20 mm. wide (more than twice 
diameter of the hole), up to 5 mm. thick, and 
always forming a complete hood overhanging 
the entire mouth. Relative to the size of this 
diminutive crab, which is at most about 6.5 mm. 
long, the size of the shelters is even more remark¬ 
able. In general, about one-third of the display¬ 
ing males of this relatively rare species built 
shelters every day at 1 a Boca during February, 
although at the end of that month and in the 
first two days in March—when ol>servations 
ended—the proportion was larger; hence it is 
likely that this species had not yet attained the 
full breeding season. No ovigerous females were 
seen. The method of digging is in general the 
same as in the other two species (see p. 157). 

Burrow: Six to eight inches deep; almost 
straight, with a slight turning at the end. 

Growth: In the smallest males in the collection, 
3.7 mm. long, the stridulating ridge is already 
well developed. 

Affinities: 0 . terpsichorcs is closely related to 
musica, a northern form, which almost certainly 
has develojjed directly from it. The two species 
are, however, perfectly distinct. In terpsichorcs 
the carapace—especially the branchial, buccal 
and pterygostomian regions—are much less 
swollen than in musica; the gape between the 
chelae of both major and minor chelipeds is less; 
the arm of the abdominal appendage in the male 
is scarcely more than rudimentary, instead of well 
developed; the front is somewhat deeper and the 
sides of the front less divergent, so that it appears 
distinctly narrower, although there is little actual 
difference; the distinct parallel lines (not counting 
those which merge with the margin) forming the 
stridulating ridge on the major manus are fewer 
in number (between 8 and 12) instead of between 
14 and 16; finally, adult male terpischores measure 
at most 6.5 mm. in length, instead of 8 mm. as in 
musica , the crab as a whole being about two- 
thirds as large. These differences are also true of 
immature specimens of both species. 

Females are easily distinguished irom those of 
latimanus by the obsolescence of the anterior 
marginal line of the front; by the more swollen 
carapace with the antero-lateral margins longer, 
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more concave, and slanting more sharply out¬ 
ward; by the eyebrows, which are much less 
inclined; and by the strongly projecting lower 
orbital margins. They may oe told at once from 
those of deichmanni, limicola and crenulata by the 
breadth of the eyebrow. A useful characteristic 
is the meeting of the dorsal end of the oblique 
ridge inside the major palm with the ridge at the 
base of dactyl, distinguishing males of both 
musica and terpsichores from all other species in 
Group 5. 

Range: From Corinto, Nicaragua, to Old 
Panama, R. P. 

Local Distribution: Found on protected shores 
of muddy sand near the mouths of streams. 

Material: The 17 specimens taken consist of 
the male holotype, Cat. No. 4144, from La Boca, 
Balboa, Canal Zone; 1 male and 3 female para- 
types, Cat. No. 4145, from the same locality; 1 
female, Cat. No. 381.159, from Corinto, Nica¬ 
ragua; 1 male and 3 temales, Cat. No. 381,160, 
from Port Parker, Costa Rica; 4 males and 1 
female, Cat. No. 381,161, from Golfito, C. R.; 
and 2 males, Cat. No. 4146, from Old Panama, 
R. P 

This species is named for the Muse who pre¬ 
sided over dancing. 

Uca panamensis (Stimpson, 1859). 

Text-figs. 4X, 5. 

(See also pp. 149, 151, 159, 161, 165, 167, 168). 

References: GeUmmus panamensis Stimpson, 1859, 
p. 63. 

Uca panamensis, Rathbun, 1917, p. 412, pi. 149. 

Uca galapageysis, Boone, 1927, lower part of fig. 
97. 

? Uca mordax, Boone, 1929, p. 582, fig. 17b, c. 
(See Ductission , p. 177 of present paper.) 

Range: Gulf of Fonseca, El Salvador, to Peru. 

Local Distribution: This species, even without 
allowing for its restricted habitat, is one of the 
most abundant crabs of the tropical eastern 
Pacific coast. It is almost alwavs present 
wherever stones are mingled with sand at the end 
of a beach, or, rarely, just beyond the l>each in 
shallow tidepools under stones. 

Supplementary Specific Characters: Spoon- 
tipped hairs on merus of second maxilliped 
moderately numerous, usually between about 
65 and 80; all are located on distal half of merus 
on its inner margin, with a few non-spooned 
hairs projecting beyond them; and are arranged 
in about 9 to 11 rows. Woolly hairs moderately 
numerous. Ischium of third maxilliped with 
median groove absent, inner groove shallow; 
entire maxilliped noticeably flattened, with few 
hairs. 

Manus of minor cheliped rounded, almost as 
broad as long, and two-thirds as thick; chelae 
only slightly longer than palm, broad and thick, 
gaping moaerately to the corneous tips which 
articulate well. Prehensile edges without serra- 

of poilex ooverecfwith a thick brush of long hairs, 
which continues backward on both chelae, inside 


and out, as the usual oblique rows of relatively 
scanty hairs. 

Eyebrow slightly more than half as broad as 
adjacent portion of eyestalk. Lower orbital 
margin with sharp crenulations throughout. 
Suborbital region naked except for scanty hairs 
immediately behind crenulated margin. 

Abdominal appendage thick and blunt, with a 
well developed arm, arising at the beginning of 
about its distal seventh and lying close against it. 

Measurements: The 113 specimens taken in¬ 
clude the following extremes of length; largest 
male, 13,5 mm.; largest female 14.5 mm.; 
ovigerous females 7.1 to 10 mm.; smallest male 
3.4 mm.; smallest female 3 8 ram. 

Color in Life: There is a great deal of variation 
in color in this species which is definitely associ¬ 
ated with the color of the sand and stones in the 
environment. Crabs living on light sand among 
pale stones are usually grayish-white or yellowish- 
buff: crabs surrounded by dark gray volcanic 
sand and dark stones are brownish, ohve yellow, 
dark green, or dark gray, and are often speckled, 
marbled, or spotted with brown, buff, maroon, 
dark green or gray. However, even in the same 
area there is individual variation: one specimen 
may be entirely creamy white, while another 
from under the same stone may be light gray with 
maroon markings. No reliable sexual differences 
have been discovered, although the major cheli¬ 
ped of the male in dark-colored crabs is usually 
lighter than the rest of the body. The only two 
males seen displaying (see below) were side by 
side on adjacent rocks, one being white, the 
other pale gray. The sternum and abdomen in 
all specimens are generally plain grayish-white. 
The young vary less than the adults, the usual 
color being lighter or darker grayish-brown 
mottled with dark gray. 

Display: The display of only two individuals 
was seen, and this was brief and appeared half¬ 
hearted. On February 2, on the shore beyond 
Bellavista, Panama City, two large males 
mounted to the tops of stones about two feet 
apart, withiu a few moments of each other, and 
began to display. Major cheliped was extended 
diagonally upward from flexed position in front 
of both, then lowered without pausing. During 
each gesture the body was elevated on all the 
ambulatories, then lowered. Small cheliped held 
motionless. The display lasted one second, with 
a wait of between two and six seconds between 
displays. The entire performance appeared 
slow and casual. No steps were taken, nor revo¬ 
lutions made. The two males were not facing, 
and did not pay to the least attention to each 
other. Each made perhaps ten displays, then, 
one after the other, they descended and began 
feeding. No females were in sight before, during 
or after display. It is probable that the full 
display of mid-breeding season will prove to in¬ 
volve more activity ana be more complicated. 

Breeding: Only three of the 45 females taken 
were ovigerous. All were taken ip March, at 
Uvita Bay, Costa Rica, and on Gorgona Island, 
Colombia. The eggs, which measure .27 mm. in 
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diameter after having been preserved in alcohol, 
number about 4,000. 

Food: The young, and to a lesser extent, the 
adults, sift organic detritus from the sand at low 
tide in typical Uca fashion. The staple food of 
all fair-sized specimens, however, is the minute 
algae found in the form of a fur-like growth on 
stones at low tide. These are plucked, by the 
minor cheliped in males and by both alternately 
in the females, just as they are by Grapsus and 
Paekygrapsus . Stomach examinations confirm 
visual observations: in more than a dozen ex¬ 
amined from various localities, the contents 
consisted entirely of rock algae, except for a few 
sand grains. The latter could be accounted for 
entirely by the fact that at every high tide sand 
is stirred up and washed over the stones, and a 
certain amount sticks to the algae. Of all the 
adults seen feeding, not more than one-tenth 
were seen seeking food in the sand. The strong 
brushes surrounding the tips of the minor 
chelae, and the remarkable sturdiness of the 
latter, are doubtless adaptations to this method 
of feeding. 

Burrows and Behavior: In this species, bur¬ 
rows are rudimentary, the crabs relying rather 
on overhanging stones for shelter and safety. 
However, ail the young dig very short, straight 
burrows, up to an inch in length, in the sand 
close to the edge of a stone. The adults, too, 
often dig burrows, up to four inches long, against 
the edges of large stones; the tunnels go obliquely 
under the rocks and are adapted to the contour 
of the stony ground; the excavated sand is 
simply brought up in large lumps and dropped a 
few inches from the hole, at random. It seems 
almost certain that they dig a new burrow, if 
any, with every tide. Where adequate sand for 
digging is lacking, no burrow is attempted, the 
crab finding shelter during high water underneath 
a stone; the flatness of the carapace and under¬ 
parts must be of aid in this mode of life. The 
crabs have far less sense of “home” than any of 
the other species of Uca observed, and the range 
of individuals seems to be little restricted. 
When startled but not pursued, crabs of all ages, 
but especially the young, teeter back and forth 
for a few seconds and then remain absolutely 
motionless for minutes afterward, apparently 
relying on their coloration for protection. When 
actually pursued, even when fairly close to their 
burrows, the crabs prefer to run rapidly, dodging 
around stones with agility and, eventually, 
vanishing underneath a large one. Their beha¬ 
vior in general shows them to be among the most 
adaptable of the genus. 

Material: A total of 113 specimens was taken 
from the following localities: Gulf of Fonseca, 
near Potosi River, and Corinto, Nicaragua; 
Port Parker, Culebra Bay, Piedra Blanca Bay, 
Bajlenas Bay, Uvita Bay and Golfito, Costa 
Rica; Honda Bay and Panama City, R. P.; 
Gorgona Island, Colombia, Cat, Nos. 37,701, 
37,735, 3861, 3892, 38,119, 38,166, 38,197, 
38,345, 38,456, 38,517, 38,706, 38,855, 4149, 
38,878. 


Specimens were, in addition, observed and 
examined, but not preserved, at the following 
localities: Parida Island and Cedro Island, Gulf 
of Nicoya, Costa Rica; and Panama City, 
Panarpa. 

The specimen illustrated by Boone, 1927, in 
the lower half of fig. 97, and designated as (7. 
galapagensis should be referred instead to U. 
panamensis. It is from Cocos Island and meas¬ 
ures 11.5 mm. in length. 
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EXPLANATION OF THE PLATES. 


Plate I. 

Fig. 1. Uca vygmaea. Male paratype (381,111), 
dorsal view. Carapace length 5 mm. 

Fig. 2. U . zacae . Male paratype (381,113), dorsal 
view. Carapace length 5.5 mm. 

Fig. 3. U, argiUicola. Male holotype (381,134), 
dorsal view. Carapace length 7.8 mm. 

Plate II. 

Fig. 4. U . pygmaea. Major chela of paratype 
(381,111), inner view. Carapace length 
5 mm. X 5.1. 

Fig. 5. V. zacae. Major chela of paratype (381,113), 
inner view. Carapace length 6.6 mm. X 
3.4. 

Fig. 6. U. argiUicola. Major chela of holotype 
(381,134), inner view. Carapace length 7.8 
mm. X 4.3. 

Fig. 7. U. tenuipedis. Major chela of paratype 
(381,144), inner view. Carapace length 5 
mm. X 5.3. 

Fig. 8. U . inaequalis. Major chela, outer view 
(381,141;. Carapace length 6.2 mm. * X 
6 . 2 . 

Fig. 9. Same, inner view. X 6.1. 

Fig. 10. V . saltitanta. Major chela of paratype 
(4124), outer view. Carapace length 6 
mm. X 4.8. 

Fig. 11. Same, inner view. X 4.6. 

Plate III. 

Fig. 12. U. inaequalis. Male (381,142), dorsal 
view. Carapace length 6 mm. 

Fig. 13. U. tenuipedis. Male paratype (381,144), 
dorsal view. Carapace lengtn 4.5 mm. 

Fig. 14. U. saltitanta. Male paratype (4124), 
dorsal view. Carapace length 6 mm. 

Plate IV. 

Fig. 15. U. stenodactyla. Male (381,147), dorsal 
view. Carapace length 8 mm. 

Fig. 16. U. beebei. Male (4133), dorsal view. 
Carapace length 6 mm. 

Fig. 17. U. limicola. Male paratype (381,153), 
dorsal view. Carapace length 6.5 mm. 

Fig. 18. U. deichmanni . Male (381,157), dorsal 
view. Carapace length 6 mm. 

Fig. 19. U. terpsichores. Male paratype (4145), 
dorsal view. Carapace length 6 mm. 

Plate V. 

Fig. 20. U. beebei. Major chela, inner view (4133). 
Carapace length 6.5 mm. X 4.6. 

Fig. 21. U. stenodactyla. Major chela, inner view 
(381,147). Carapace length 8 mm. X 3.3. 

Fig. 22. U. limicola. Major chela of paratype 
(381,153), inner view. Carapace length 
5.5 mm. X 6, 


Fig. 23. U . deichmanni . Major chela, inner view 
(381,157). Carapace length 6 mm. X 5. 

Fig. 24. V. terpsichores. Major chela of paratype 
(381,161), inner view. Carapace length 
5.8 mm. X 4.1. 

Plate VI. 

Abdominal appendages of adult males in Uca. 

Each photograph represents the distal to of 

the right appendage, outer lateral view. 

Fig. 25. U. saltitanta. X 15.6. 

Fig. 26. U. baluenta. X 15.6. 

Fig. 27. U . beebei. X 15.6. 

Fig. 28. U. stenodactyla. X 15.6. 

Fig. 29. U. limicola. X 25.4. 

Fig. 30. U. deichmanni. X 25.4. 

Fig. 31. U. terpsichores. X 29. 

Fig. 32. U . musica. X 29. 

Fig. 33. U. latimanus. X 29. 

Plate VII. 

Fig. 34. U. umbraHla. Major chela of immature 
paratype (4118), inner view. Carapace 
length 12 mm. X 1.3. 

Fig. 35. U. brevifrons. Third maxilliped of adult 
male, outer view. X 6.5. 

Fig. 36. U. latimanus. Third maxilliped of adult 
male, outer view. X 10.4. 

Fig. 37. U . terpsichores. Adult male, in partial 
display coloration, beside shelter. When 
color change is complete, the carapace is 
pure white. X ca. 1 

Plate VIII. 

Fig. 38. U. latimanus. Adult male, in dark phase, 
feeding shortly after high tide. The small 
cheliped is depositing on the ground a 
pellet of muddy sand which it has snipped 
off the posterior part of the buccal frame, 
after the mouthparts have removed organic 
matter. Each pellet is formed of half a 
dozen or more pinches of sand scooped up 
in rapid succession by the hollowed tipe of 
the same chelae. Similar pellets surround 
the crab. X 1 } A* 

Fig. 39. Same, building shelter. 

Fig. 40. Same, in white phase, displaying beside 
shelter. 

Plate IX. 

Fig, 41. U . stenodactyla . Two adult males, in dis¬ 
play coloration, displaying before an adult 
female (lower right). The third male (with 
chelipea folded, facing away from female) 
is U . beebei. 

Fig. 42. U. stenodactyla , mating. This photograph 
was taken about ten minutes after Fig. 41, 
and shows the nearest male in that picture 
copulating with the same female, at the 
mouth of ner hole. 
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CRABS OF THE GENUS UCA FROM THE WEST COAST OF CENTRAL AMERICA 
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CRABS OF THE GENUS UCA FROM THE WEST COAST 
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[This is the twenty-seventh of a series of papers 
dealing with the collections of the Eastern 
Pacific Expeditions of the New York Zoological 
Society made under the direction of William 
Beebe. The present paj>er is concerned with 
specimens taken on the Eastern Pacific Zaca 
Expedition (1937-1938). For data on localities, 
dates, etc., refer to Zoologica , Vol. XXIII, No. 
14, pp. 287-298.1 

Contents 

PAGE 

Introduction .. 209 

Istiophorus Qicyi Jordan A Hill, 42 nun 210 

Istiophorus greyt Jordan & Hill, 84 mm 213 

Istiophorus americanus C'uvior & \ aloucionncs, 

70 mm 219 

Istiophorus gnyi Jordan & Hill, 2616 nun 221 

Summary and Conclusions 223 

Bibliography . 220 

Introduction. 

When the Zaca was drifting one night off the 
woRtem coast of Mexico, a young Pacific sailfish 
(Istiophorus greyi) f only three and one-quarter 
inches in standard length, came to our submerged 
light and was caught. This was on November 23, 
1937. Nine weeks later and twelve hundred 
miles to the southeast, oil Costa Rica, a second 
Rj)ecimen, one and five-eighths inches long, wavS 
taken under similar circumstances. For com¬ 
parison with these I have a thorough description 
of a newly caught adult fish, nine feet, eight 
inches in length, taken by us off Costa Rica, 
together with its skull and part of its skeleton. 
For all these Pacific sailfish 1 have to tliank Mr. 
Templeton Crocker, for it was under his aegis 
and on his yacht that the Thirty-eighth Expedi¬ 
tion of the Department of Tropical Research of 
the Zoological Society was made. 

For additional study, Mr. Duncan Holmes has 
kindly sent me a Florida specimen of the Atlantic 
sailfish (Istiophorus americanus) two and three- 
quarters inches long, and the American Museum 
of Natur al History has loaned me a skull and 

1 Contribution No, 629, Department of Tropical Re¬ 
search, New York Zoological Society. 


nearly complete skeleton of an adult also taken 
in Florida waters. 

With such meagre material, the direct record¬ 
ing of descriptive facts is all that can be done 
with any assurance of ultimate value. No at¬ 
tempt lias been made at this time to unravel the 
systematic tangle of the so-called species of 
Istiophorus. Some of the forms have been based 
on mounted specimens and even photographs, 
or on a single individual. For purjioses of con¬ 
venience, I use the two commonly accepted 
specific names for the sailfish of our Atlantic 
and of our Pacific coasts, americanus and greyi 
respectively. 

The comparative characters I have been able 
to examine in my few fresh specimens show con¬ 
fusing variations, and relationship with other 
characters of doubtful value for differentiation. 
For example, in two adult skulls, one greyi , the 
other americanus , the relative lengths of the pro¬ 
jecting part of the upper jaw are 50 percent, and 
48 percent, resjieetively, while the supposed 
diagnostic characteristic of slenderness of the 
snout is identical in both. 

The extreme weights of the adult sailfish from 
the two oceans seem to be a definite but rather 
unusable cliaracter of differentiation. The 
heaviest recorded Atlantic fish weighed 120 
jxnmds, while Pacific individuals certainly reach 
190, and very probably 220 pounds. 

In the year 1831 Cuvier & Valenciennes 
described and figured a sailfish, calling it Ilistio- 
phorus pulchdlus , which they said was “n’est 
long que de quatre pouces >} (Text-fig. i hb Ten 
years later Ruppell described and also figured 
what he called H immaadatus from the Rea Sea, 
measuring eighteen inches or about 457 mm. 
(Text-fig. 1 i). Gimther in 1873-74 published 
figures of the first really young sailfish, specimens 
of 9, 14 and 60 mm. (Text-figs. 1 b, c and f). 
In 1880 Liitken described a series from 5.5 to 21 
mm. and figured the smallest (Text-fig. 1 a). The 
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Text-figure 1. 

Nine Stages of Growth of Intiophorua (see page 225). a, 5.5 mm. (Lutken, 1880); b, 9 mm. 
(Gtinther, 1873-74); c, 14 mm. (Gtinther, 1873-74): d, 16 5 mm. (LaMonte & Marey, 1941); 
e, 42 mm. (Beebe, p. 210); f, 60 nun. (Gunther, 1873-74); g, 84 mm. (Beebe, p. 213); h, 108 
mm.KCuvier, 1831); i.i, 457 mm. (Kuppell, 1841); j, 2616 mm. (Beebe, p. 221). 


descriptions and illustrations of these small fish 
were exceedingly sketchy, so 1 have chosen only 
to present a few dominant features, which may be 
of ultimate use in clarifying their age and exact 
identification, when we have sufficient material 
for comparison. (Page 225.) 

While there are doubtless a number of young 
sailfish in collections, as yet unrecognized, I 
know of only three wtlieh will soon be reported 
upon. One of 14.3 mm. in the American Museum 
of Natural History is being described by Miss 
Francesca LaMonte (Text-fig. 1 d) and two 
Pacific sailfish “four and three-quarter inches in 


length,” taken during the present year by a Field 
Museum expedition in Panama Bay. 

For the staining and clearing of the two young 
sailfishes of 70 and 84 mm. I am indebted to Miss 
Gloria Hollister, and for the text-figures to Mr. 
Donald Greame-Kelly. The photographs were 
taken by Miss Jocelyn Crane and Mr. Toshio 
Asaeda. Measurements are from fresh specimens. 

Istiophorus greyi Jordan & Hill. 

Pacific Sailfish. 

Material Studied: One young specimen, of 42 
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mm. standard length, taken in hand-net at 
night light, at surface, over 67 fathoms, at 11:30 
P. M. March 1,1938, from the deck of the Zaca; 
on the Eastern Pacific Zaca Expedition of 1937- 
38, of the Department of Tropical Research, New 
York Zoological Society; Station 215, L-l; 9° 03' 
North Lat., 84° 06' West Long., 23 miles west of 
Uvita Point. Costa Rica. Cat. No. 28,426; Col. 
Pl. Z-201; Photograph 9031. 

Field Characters: A small, slender fish, head 
and snout longer than the rest of the body; eye 
very large; two prominent cephalic spines, upper 
jaw projects beyond lower more than the length 
of the latter; shining steel blue except for white 
forward belly and lower jaw; tall, circular dorsal 
fin dusky, with large, black, basal spots and 
terminal yellow ones; pel vies long, slender, 
yellow; all other fins, including low, posterior 
part of dorsal, hyaline. Although one-sixtieth the 
length of a full-grown fish, this young specimen 
lias all the general assets of an adult; the enor¬ 
mous dorsal fin, the elongated upper jaw and 
l>clvic fins identify it at a glance. (Plate I, figs. 1, 
2 .) 

Ecology and Habits: There is little enough I can 
contribute under this heading. This is the small¬ 
est Pacific sailfish ever seen or captured. It came 
(o the night light of the Zaca as she drifted slowly 
along on a quiet sea, twenty-three miles off shore, 
off Uvita Point, Costa Rica, over a depth of 
about sixty-seven fathoms. Around the light 
were the usual lot of small fish, scombroids, 
squirrelfisli, demoiselles, puffers, dolfins and 
brilliantly colored butterflying fish. All were 
young, and as usual it was always surprising to 
find such small fry in such deep water, so far out 
at sea. 

The baby sailfish we are studying, one and 
five-eighths inches in length, was seen as it ap¬ 
peared and vanished several times, but not until 
it was actually in the net was it recognized. This 
was about 11:30 P. M. just before we put out the 
light. When in the water, there was no hint of 
diagnostic dorsals or pelvics, nor even of beak. 
In a small aquarium it dashed alxmt with such 
violence that 1 feared serious injury to its sail or 
l>eak and killed it, my artist getting the exact 
colors !->efore it expired. Measurements and full 
color description were also taken. While I 
watched it aarting al>out r the dorsal was about 
one-third exposed, but quiescent, and the i>elvics 
were likewise almost hidden. I noticed only 
quick twists of the posterior body and caudal fm 
as motive and directional power. 

Cohr: Body shining steel-blue with a small, 
pale spot on the top of the head, and six, wide, 
fairly distinct bands down the sides. These 
vanished soon after death. Upper jaw all steel 
blue, also sides of head and anterior and upper 
part of opercles. Eye silvery, bluish-white. 
Lower jaw dead white, branchiostegals and belly 
silvery white. Lower side of body from well in 
front of anal backward, almost as dark blue as 
the back. Posterior dorsal, anal and pectorals 
hyaline; caudal translucent white. 

Dorsal in general appearance black with 


narrow, lemon-yellow streaks extending up the 
rays and along the distal edge. In detail, we 
find three, large, jet-black, slightly elongate, but 
almost round spots along the central three-fifths 
of the basal area of the fin, their lower contour 
partly sunk into the dorsal profile of the body. 
Entire fin elsewhere with black webs and lemon- 
yellow rays. Near the edge of the fin, the yellow 
extends on to two adjoining webs, resulting in 
five, definite yellow spots. Narrow base of 
posterior pigmented rays clear lemon-yellow. 

From the thirty-eighth back, the remaining 
elements are hyaline. These are at first short, 
and then the fin expands into a terminal, higher 
lobe. The webs of the pelvics are bright straw 
yellow, the brightest color on the fish. The 
caudal fin shows a scattering of small but definite 
roundj dark spots, adumbrating the two black 
areas in the larger specimen. 

Measurements and Counts: Total length 46.5 
mm.: standard length 42; depth at pectoral 4.2; 
depth at origin of dorsal 4.2; depth at origin of 
anal 2.8; depth at peduncle 1.3; head 21.7; eye¬ 
ball 2.8; iris horizontal 2.3; iris vertical 2; snout 
15; snout to dorsal 21; snout to pectorals 22; 
snout to pelvics 22.2; maxillary 18; lower jaw 8; 
lower jaw-tip to snout-tip 9.5; front eye to rear 
opercle 6.7; upper pterotic spine 1.7; lower 
preopercular spme 2.8; dorsal height, first spine 
.8; dorsal height, fourth spine 4.3; dorsal height 
fifteenth spine 13.5; first anal lobe base 1.5; lobe 
height 2.1; second anal lobe base 1; lobe height 1; 
caudal fin spread 3.3; central caudal rays 4; 
caudal lobe 4.7; pectoral base l; pectoral width 
1.7; pectoral length first spine 4.3; pectoral 
length, fifteenth ray .8; pelvic spine 1.5; pelvic 
elongate ray 11; pelvic short ray 2.3 mm. 

Counts: Dorsal 4 + 36 4- 6 4* 9 = 55; anal 
count 3 + 8 + 74-8 = 26; pectoral count 1 + 
18 = 19; pelvic count 1+2=3. 

Weight: One-half gram. 

General Body Form: This young sailfish is 
elongate and slender, deepest at tne posterior 
edge of the opercle; anteriorly from the crown, 
the profile slopes rather gently down and in a 
long curve to the elongated upper jaw, the 
elongate portion being curved slightly upward. 
The l>ody is straight, the slight narrowing caudal- 
wards being brought about by a gentle slope 
down of the dorsal profile. The depth is con¬ 
tained in the standard length exactly ten times. 
Between the end oi the unpaired fins and the 
origin of the caudal the peduncle is distinctly 
narrowed, the terminal portion of the body 
widening again to accommodate the caudal. 

Head: The bones in general seem well devel¬ 
oped, but the frontals and supraoccipital are so 
thin that every detail of the brain is visible. 

Skin: The body is covered thickly with minute 
erect spines, becoming iuotc dense on the pos¬ 
terior half of the body so tliat the separation of 
the spines is about equal to their height. They 
are greatly reduced or absent on the head, and the 
skin near the bases of the unpaired fins and their 
sheaths are also spineless. Details of the scales 
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are not apparent in the uncleared specimen. As 
in the adult fish, the dorsal and pelvic fins are 
furnished with deep subdermal sheaths into 
which they can be folded and sunk out of sight 
for stream-lining. 

Snout: The snout, even at this early stage, is 
characteristic, projecting far forward, beyond 
the lower jaw. It is formed by an extension of 
the premaxillary, and in this young individual 
this structure is almost a full third of the length 
of the fish. The snout is curved gently upward 
and slightly flattened, the depth and width half¬ 
way to the tip, being .62 and .86 mm. respective¬ 
ly. Two deep lateral furrows mark the dorsal 
surface. 

Eye: The eyes are very large, occupying much 
of the side of the head, breaking the dorsal con¬ 
tour, as well as the line of the upper jaw, behind 
the posterior extension of the maxillary. The 
eyeball is not quite round and in the iris this 
dorso-ventral flattening is still more apparent. 
The interorbital space is flat, but marked by 
several furrows. 

Nostrils: These are relatively large, being one- 
fourth the diameter of the eye, and they are 
close in front of the eyes. They are divided by a 
broad, vertical band into two openings. The 
partition flares out and forward, and is continued 
around the anterior opening, giving it a low, 
tubular appearance, while the frame of the pos¬ 
terior opening is flush with the side of the head. 

0perclcs: Large but not strongly ossified at this 
age. A transparent bony ridge arises in front of 
the eye, just above the nostril, passes back in an 
even curve over the eye, and terminates in a 
long, two-keeled, serrated spine, 1.7 mm. in 
length. A second, larger spine springs from the 
lower angle of the preopercular, 2,8 mm. long. 
This reaches back beyond the origin of the 
pectoral. Both spines are directed slightly out¬ 
ward at a marked angle from the body plane. 

Two small, short, toothed ridges arise from the 
posterior part of the posttemporal and the upper 
end of the supracleithrum. 

Mouth: If we disregard the specialized exten¬ 
sion of the premaxillary into a prolonged snout 
or sword-shaped beak, the mouth of this young 
sailfish presents no unusual features. The pos¬ 
terior end of the maxillary is at the vertical of the 
posterior rim of the iris. The mandible is stout 
and short, contained in the upper jaw two and 
one-quarter times. It terminates two eye diam¬ 
eters in front of the eye itself, so that this is the 
only effective, prehensile part of the mouth. 

Teeth: The palatine teeth begin 2.5 mm. in 
front of the posterior end of the maxillary. They 
are the same size as those on the maxillary, but 
in an irregular double row, and placed much 
closer together. The teeth in the maxillary are 
widely spaced, extend quite to the tip, and tend 
to arise in separate clumps. At first these are in 
twos and threes in linear arrangement. In the 
distal fourth, however, the groups consist of 
three to seven teeth, ana are irregularly arranged, 
sometimes reaching almost to the center line of 


the beak. At the very tip are several larger, 
isolated teeth, one or two in the central line, 
barracuda-like. There are two, terminal, hyaline, 
serrated spines, which flare obliquely outwara 
from the very tip. 

The mandibular teeth are in two rows, the 
outer irregular and small. The inner ones are 
larger, almost palisade-like, often in a double line. 
These increase in size and inward curvature 
toward the tip of the jaw, until the last twenty 
are relatively large fangs, the tips of those on 
opposite sides almost touching as the jaw be¬ 
comes narrowed. At the tip, several fangs are 
directed obliquely forward, forming a pincer-like 
arrangement, the upper ones curving downward, 
and the lower ones upward. The mandibular 
teeth fit between those of the palatine and 
maxillary. 

Dorsal Fin: The dorsal fin is continuous and 
consists of 55 elements. When the anterior 38 
spines are elevated at right angles to the body, 
the fin forms an almost perfect half circle. 
Although the whole fin is connected by webs, it 
may be divided into four more or less distinct 
parts. The first four spines are closer together 
and relatively shorter tnan the succeeding ones. 
In the adult these seem to be affected as a unit, 
although in one of several different ways. The 
first three may disappear altogether above the 
skin, or they may lose the connecting webbing. 
In the present specimen, Number 1 is only just 
visible (.1G mm. in length). The difference in 
length between the fourth and fifth elements is 
more than twice as great as between any preced¬ 
ing or succeeding elements. 

The next part includes 36 ray-like spines 
representing those which remain in the adult and 
form the typical sail. The succeeding division in 
turn is not radically marked but can be dis¬ 
tinguished, forming a group of six elements 
which are very short and of equal length. They 
form the area which in the full-grown fish either 
disappears altogether, thus resulting in two 
separate dorsal fins, or anteriorly persists as a few 
stunted elements. It is the disappearance of this 
group which reduces the dorsal count in the 
adult so considerably. The last nine elements 
are rays, judged by the complex splitting of 
their tips and the presence of cross nodes. They 
are small but are very even in length. 

Anal: The anal fin, like the dorsal, is continu¬ 
ous at this stage of growth, and contains 26 
elements. The future changes are fairly well 
adumbrated even in the outline of the present fin, 
two well-marked lobes, anterior and posterior, 
being connected by a deep curve of short ele¬ 
ments. The first three are spines, quite different 
from the remainder which are obviously rays. 
The first 11 elements will form the first anal in 
the adult, while the succeeding 7 will usually 
disappear, leaving the last 8 for the ultimate 
second anal. The central third are not only 
shorter than the others but much more fragile, 
breaking easily at the ray joints. The posterior 
third is solid, close together, and already com- 
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sponds to that part of the dorsal immediately 
above it. In the adult sailfish the anal will be 
reduced from 25 or 28, to 16 or 17. 

Caudal: There is no hint of the great flukes of 
the fullgrown sailfish in the undistinguished tail 
fin of this baby. The lower lobe is slightly longer 
than the upper, but the spread is considerably 
less than this length. The lobes are rounded and 
very slightly indented in the mid-line. 

Pectorals: The pectoral fin is well developed, 
rather short-based, of 18 or 19 elements, the first 
of which is a very broad and flat spine. The rays 
are graduated in a very oblique but straight line 
along the posterior edge, from the 1st which is 
4.3 mm. in length, down to the .8 of a mm. of 
the 15th ray. The general shape of the fin is 
triangular, with no hint of the falcate curve of the 
same organ in the adult fish. 

Pelvics: These fins are already almost as spe¬ 
cialized in reduction of elements and in elonga¬ 
tion of a single ray as they are in the adult. In 
the living and recently dead individual under 
consideration, these fins showed an unexpected 
breadth of webbing, and this was constantly 
distended, as shown in the colored plate. The 
condition of these pelvics is so similar to those of 
the cleared and slightly larger individual next to 
be described that consideration of all details is 
better left to that fish. Although the pelvic skin 
sheath in this young sailfish is both deep and 
long, it cannot quite accommodate the attenuated 
tips, which, when all the rest of the fin is reefed 
and hidden, must lie exposed along the abdomen. 
These tips almost reach the anal fin, falling short 
by only about 1mm. 

Istiophorus &reyi Jordan & Hill. 

Pacific Sailfish. 

Material Studied: One young specimen of 84 
mm. standard length, taken in hand-net at night 
light, at surface, over 600 fathoms, at 11:30 P, M. 
November 23, 1937, from the deck of the Zaea, 
on the Eastern Pacific Zara Expedition of the 
Department of Tropical Research of the New 
York Zoological Society. Station 186, L-l; 17° 
38' North Lat., 102° West Long., 23 miles west of 
Sihuatanejo, Guerrero, Mexico. Cat. No. 27,140; 
Col. PI. Z-106; KOII 2331. Photographs 8460 
and 8461. (Plate II, figs. 3, 4.) 

Field Characters: Similar in general appearance 
to the slightly smaller, preceding young sailfish, 
except that the cephalic spines have decreased 
in size, and the intense blue color has spread over 
the proximal three-fourths of the dorsal fin, 
while on the l>ody the blue is restricted to the 
upper half. The yellow on the dorsal and the 
pelvics is less intense, and the black spots on the 
dorsal fin have increased in size and number. 

Note: Except for the color and many of the 
measurements which were made from the fresh 
specimen, the entire study of tliis individual is 
based on its appearance after it had been stained 
and cleared. The shape and relationship of even 
the most delicate bones are thus unaffected by 
dissection or disarticulation. 


Ecology: On the night of November 23, 1937, 
when the Zaca was drifting slowly, twenty-three 
miles off shore from Sihuatanejo, Mexico, tne sub¬ 
surface light was put overboard at 9 P. M. 
Fish were scarce, and most were snapped up by 
marauding squids. Several Cololabis appeared, 
and eight very young Coryphacna or dolfins with 
varied patterns, changing as we scooped them 
aboard. A three inch CtibicepsAike fisnlet came 
in and at 11:30 a small, inconspicuous fish, 
which barely escaj>ed the squids several times 
before it was caught. It proved to be the first 
young Pacific sailfish we or anyone else had ever 
seen. In standard length it measured tliree and 
one-quarter inches, or 84 mm. 

Color: Head and back rich cobalt blue above, 
silvery below, including lower jaw and sides of 
head up to half eye level; upper jaw blue for 
two-thirds and black on distal third of its length; 
six or seven broad light bands down the side of 
the body; webs of anterior dorsal elements dusky 
yellow, unmarked; all of the central part of the 
fin pale blue, becoming lemon yellow toward 
tips; much of the dorsal is covered with very 
large black spots, four of which, oval in shape, 
touch the back; an oblong spot is attached to the 
upper part of the second lower spot; six large, 
slightly elongated spots extend along the margin 
of the fin, separated by the lemon yellow areas, 
the two posterior rather close together; pelvic 
fins pale yellow; pectorals, posterior portion of 
dorsal and anal, and caudal transparent; the 
pectoral has a large dusky spot near the anterior 
base, and the caudal has a roundish dark spot in 
the center of each lobe. 

Food: Dr. Wilson reports that there were six 
copepods in the stomach, one Corycaeus, one 
Oncaca and four Farranula gibbulu . In addition 
to these was a small larval fish. 

Mcasurerncnts: Total length 91 inm.; standard 
length 84; depth at pectoral 6.4; depth at origin 
of dorsal 6.8; depth at origin of anal 5; depth at 
I>eduncle 1.7; head 45; eyeball 4; snout 34.6; 
snout to dorsal 43.4; snout to pectorals 45.4; 
snout to pelvics 46; maxillary 38.6; lower jaw 14; 
lower jaw-tip to snout-tip 25 4; upper pterotie 
spine 1.4; lower preopercular spine 2.5; dorsal 
height, second spine .4; dorsal height, fifth 
spine 5.3; dorsal height, fifteenth spine 27.S; 
first anal lobe base 2.4; lobe height 3.4; second 
anal lobe base 2.4; lobe height 1.7; caudal fin 
spread 10.7; caudal lobe 8.3; caudal middle ray 
6.5; pectoral base 1 4; pectoral width 2.5; pectoral 
length, first spine 6.4; pectoral length, fifteenth 
ray .3; pelvic spine 2.2; pelvic elongate ray 20; 
pelvic short ray 2.8 mm. 

Counts: Dorsal count (1)4 4 37 4 6 4 8 * 
56; anal count 3464848 =* 25; caudal 
count 12 4 8 4 7 4 12 « 39; pectoral count 1 
4 18 * 19, pelvic count 1 42*3 

General Body Form: This is much as in the 42 
mm. specimen, but is even more slender, as the 
depth is contained somewhat xiiore than twelve 
times in the standard length. 

Skin: Staining and clearing reveal unsuspected 
soalation of remarkable complexity. Scales arc 
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found over the entire body and even a short 
distance out on the caudal rays. They extend 
forward on the mid-dorsal line in front of the 
dorsal fin as far as the vertical of the occiput. 
Elsewhere on the head they are to be found only 
in front of the preopercle. a space which they 
cover completely, ana on the area over the post¬ 
temporal, from which a very few scattered scales 
extend down on to the upper part of the opercle. 
The scales become smaller on the posterior half 
of the body. The largest observed are near the 
preopercle, and measure .3 mm. in diameter. 
(Plate III, fig. fc) 

The density of the scales on the body is such 
that the edges of the scales touch one another. 
They may be round, oval, ovate, or almost 
diamond-shaped, or with slight variations of 
these outlines, fashioned to fill up most of the 
interstices between adjoining scales. On the 
edges of the scaled areas, where there is a slight 
ojKjnness of distribution, the individual scales 
are usually oval. This separation is especially 
marked on the posterior half of the peduncle and 
the remainder of the area affording support for 
the caudal fin. Here the isolated scales are 
separated by almost their diameter. (Text-fig 2). 

/ 



Seales of 84 nun. Isturpharm greyu X 123. 


A typical scale consists of two outer rings 
coarsely marked with wide-spaced radiating 
lines. Inside the second ring is a small clear area, 
and from the posterior rim of this (posterior to 
the main axis of the fish) arises a long, slender, 
sharp spine. Posterior to the spine the rings 
usually break down, and the radiating lines are 
continued unbrokenly across the whole area and 
often project beyond the rim as external spines. 
Other much more minute spine-like projections 
may be seen at othefr external segments of the 
scale, which seem occasionally to anastomose 
with corresponding projections from adjoining 
scales. The average scale measures .2 mm. in 
diameter. Every scale has one of these spines, 


straight or slightly curved. The only exceptions 
are the scales immediately behind the pectoral 
fins, which are altogether smooth. This is the 
area against which the pectorals are applied 
when pressed close to the body. 

Intermuscular Bones: These are visible as 
elongate needles of pre-bone. They appear in 
two rows, one sloping obliquely down and back 
under the scales in the upper fourth of the sides, 
and the other slanting back and up in the area 
above the lateral line. 

Latei'al Line: A mucous canal, marked by a 
very narrow but continuous bare line between 
the scales, passes along the upper branch of the 
posttemporal, over the tip of the supracleithrum, 
and curves gently upward to the vertical of the 
14th dorsal ray. At this point it bends obliquely 
down and back to the vertical of the 17th ray 
and on the mid-line of the body. Here the shajie 
changes into a lateral line effect of numerous, 
diamond-shaped openings between the scales, 
separated by hour-glass strands of tissue of vary¬ 
ing degrees of thickness. There are about 174 of 
those pores, ending on the peduncle where the 
succession is lost in the general separation of the 
individual scales. 

Cephalic Ridge and Spines: A bony, finely 
serrated ridge arises directly above the nostril, 
curves backward over the eye, and ends in a 
strong, sharp spine arising from the tip of the 
pterotic, 1 4 mm long, with dorsal and ventral 
edges strongly serrated. At the lower, posterior 
angle of the preopercular is a larger spine, 2 5 
mm. long, also serrated, with the tip slightly out- 
curved. There are several small, additional spines 
below the base of this larger one, and two more 
above it, along the posterior edge of the pre- 
opercle. Both of these cephalic spines are rela¬ 
tively and actually smaller than in the 42 mm. 
specimen. The post temporal ridge is reduced to 
three small teeth 

])orsal Fin: This relatively enormous fin is 
continuous in this young sailfish, and in the 
stained and cleared state is seen to possess 56 
elements. The first of these is wholly subdermal, 
and would never be suspected in the uncleared 
specimen, although it has a perfectly good but 
minute spine and an equally distinct but unat¬ 
tached base It is undoubtedly not an incipient 
element but a relic, in the course of disappearing. 

The fin as a whole is separable mto four, more 
or less distinct divisions. Including the anterior 
subdermal element, the first five have all the 
characters of real spines, and in addition there 
is a real spatial demarcation in relative length 
between the 5th and 6th elements. This is indi¬ 
cated clearly by four measurements: 

4th— 2.6 mm. 

5th— 5.4 mm. 

6th—10.3 mm. 

7th—12.4 mm. 

The succeeding thirty-seven elements have 
rayed tips but no nodes, so that their status as 
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spines or rays is equivocal However, in the 
adult, the rayed tips disappear, so I shall class 
them as spines. This is equally true of the 
succeeding six, but they are set off by abruptly 
reduced lengths, and represent those which, in 
the adult fish, will disappear above the skin or 
remain represented only by stubs. The anterior 
boundary of these two groups is evident in 
another comparison of lengths: 

41st—5 mm. 

42nd—4.8 mm. 

43rd—3.1 mm. 

44th—2.6 mm. 

The future vanishing of these six elements will 
inaugurate the external appearance of two 
separate dorsal fins. This is adumbrated in this 
young specimen by the distinctness of the last 
eight rays—true rays both in distal branching 
and the presence of nodes. They are almost twice 
the length of the preceding and are subequal in 
length among themselves. In addition their 
bases are twice as close together as any of the 
other dorsal fin elements. 

The longest element in the dorsal is the fif¬ 
teenth, which measures 27.8 mm. in length. 

Anal Fin: This fin has 25 elements. The 
anterior three are spines and the succeeding 
fourteen elements are ray-like spines. Intimately 
associated with the three anterior spines are the 
succeeding six elements, all webbed together, all 
of a relatively common length, and with tneir 
bases very close together. A similar segregation 
is even more pronounced in the posterior eight 
unquestionable rays, which are two and one-half 
times as long as those which go before, and in 
their turn arise close together. This posterior 
anal group is very similar to and placed directly 
beneath the posterior eight of the dorsal. Con¬ 
necting the two incipiently separate anal groups 
are eight short, widely spaced rays. These, like 
the corresponding dorsal equivalents, are doomed 
to subsequent disappearance. 

Caudal Fin: There are 39 elements in the 
entire fin, 20 dorsal, and 19 ventral. Counting 
from the smallest, most anterior, undivided, 
dorsal raylet or spine-like element, there are 12 
succeeding ones increasing rapidly in length. 
The 12th, however, is closely associated,. in 
sudden elongation and strength of ossification, 
with the next eight, although all of these latter 
are true rays and are divided into terminal 
branches. It is thus included in the closely 
knitted group which ultimately will metamor¬ 
phose into the dorsal half of the powerful tail 
cresent. The same sequence is repeated in the 
ventral half of the fin, except that there are only 
7 divided rays instead of 8. 

The two caudal lobes in this young fish are 
equal, 8.3 mm. in length, while the central rays 
are half as long, 4 mm. These latter will become 
still less important in subsequent development, 
until they come to measure less than one-fourth 
of the swimming lobes* 


Pectoral Fin: The shape is roughly triangular, 
with no hint of the falcate, adult fonrn It is 
broad and well-developed, with a stout spine and 
eighteen rays, but it must function more for 
balancing than play any important part in 
swift swimming, for it is only about one-twelfth 
of the body length, instead of a sixth as in the 
adult fish. It is well ossified, however, with 
sturdy bases, and shows no such specialisation 
as we find in other structures in the make-up of 
this young sailfish. The formula is 1 + 18. 

Pelvic Fin: This 84 mm. sailfish is far too old to 
give us a hint of the early, more normally de¬ 
veloped fin such as would probably be apparent 
in a fish one-third of an inch long. Here we have 
a sharp, strong spine, closely attached to the 
elongate ray, free only at its tip, and measuring 
2.2 mm. The elongated ray is 20 mm. and is 
provided with a web of surprising width and 
strength, so that this fin is by no means as useless 
as its attenuated length woultl suggest. 

On the inside of the fin is a second ray, free, 
freely movable and webbed, with a strong, bony 
base of its own. 

The fact that this pelvic fin, as well as the 
dorsal, is so well supplied with a deep, adequate 
sheath, hints that it is not merely an over¬ 
specialized remnant of some past functional 
value, but is today of considerable use in some 
way unknown to us. The strong fore and aft 
development of the pelvic girdle also suggests an 
importance for muscular attachment inconsistent 
with a vestigeal structure. 

Skull: The relation of depth to length of the 
skull in the young sailfish is 7.5 times as com¬ 
pared with 6 in the adult and 7 in Xiphias. The 
chain of suborbitals is very distinct, the compo- 
nants being considerably larger and more united 
than in those shown by Cuvier in Xiphias t but 
of course far less developed than we find in 
Scomber . They are oblong, but their outer 
borders are so irregular and they are so diversely 
connected with each other that an accurate count 
is impossible. They surround the orbit in some¬ 
what more than a half circle. 

General observation of the anterior part of the 
skull reveals that the sword is dominately pre¬ 
maxillary, with the chief center of ossification 
not far from where the maxillary cuts in between 
the two }X)sterior branches of the anterior ele¬ 
ment. The nasal is sharply delimited below 
where it parallels the itiaxillary, and it forms a 
considerable part of the antero-superior contour 
of the narial cavity. Anteriorly it is ossified 
with the superior branch of the premaxillary, but 
the line of demarcation can easily be made out. 
The vomer has a strong anterior facet. 

The ethmoid complex is scarcely ossified, ex¬ 
cept for the posterior upright border of the 
parethmoid. Considering the skull as a whole, 
the bony supports in the adult concerned with 
the receiving and absorption of the terrific side- 
swiping stresses of the sword, are only just 
beginning to be apparent in this young fish. The 
engulfing apparatus with its normal rows of 
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regular teeth is for the present a real working 
mechanism, rather than the anlage of a battering 
ram or broadsword. 

That portion of the supraoccipital and frontals 
covering the brain is almost without ossification 
and is quite transparent. The surface is covered 
with an infinite number of extremely minute 
spines or tubercles, visible only under high power. 
The hyomandibular, metapterygoid, symplectic 
and quadrate are all distinct and differ little from 
the corresponding bones in the adult skull. 

Opercles: The preopercular is narrow, straight 
and upright, in shape and position thus resem¬ 
bling the corresponding bone m Xiphias rather 
than that of the adult hliophorus. It is very 
strongly ossified anteriorly, and esi>ecially at the 
comer which supports the strong spine. The 
posterior part has almost no ossification at this 
stage. From the antero-superior facet of the 
opercle there springs a strongly ossified, radiating 
fan of body ridges, but the posterior part, over- 
lying part of the pectoral arch, is scarcely defined. 
Only the upper edges of the three other opercular 
elements have taken up the bone stain. 

Snout: The snout in this young specimen is 
only two and a half, not three times, contained 
in the standard body length. The sword has a 
decided upward curve throughout its length, 
and the flattening is not as apparent as in the 
42 mm. young fish. 

Teeth: The upper jaw is armed with a single 
row of well-developed wide-spaced teeth, about 
seventy in the basal 65% of the maxillary. The 
rest of the tip (10 mm.) is almost edentulous, 
with the slightest scattering of teeth, minute and 
quite adventitious as to location and regularity. 
At the very tip is a group of four or five enlarged 
teeth, wliich are directed outward and point in 
all directions. There are teeth throughout the 
entire length of the mandible, double rows in 
places, and much closer together and more 
numerous than are those of the upper jaw. They 
number 70 to 80 in a single row along one side. 
They increase slightly in size distally, until the 
tip is a mass of close-set fangs, with unusually 
large ones out-jutting from the extremity. 

All these teeth are real, separate dental struc¬ 
tures, easily detached, broad bases and all, and 
with nothing in common with the denticles of the 
adult fish. (Text-fig. 3.) 

Vertebral Column: The vertebral column is 
fairly well ossified, although bony deposits are 
less apparent in the centra than in the neural 
and haemal arches and spines. There are 24 
vertebrae, 12 pre-caudal and 12 caudal, and the 
adult characters in all are so distinctly adum¬ 
brated in faint osseous staining that they call for 
little comment. 

The anterior neural zygopophyses of the 1st 
vertebra are very high and rounded, almost as 
conspicuous as the neural arch of the 2nd. 

The specialized neural arch of the 2nd vertebra 
is relatively very large in this young individual, 
rising high above the succeeding arches and 
spines, appearing as a great up-reaching tongue of 



Text-figure 3. 

Teeth of 84 mm. Istiophorus greyi . X 18. 


bone lying close alongside the internoural of the 
10th dorsal spine. 

As we approach the tail there is a marked in¬ 
crease in strength of ossification of the neural 
and haemal spines and especially of the centra 
themselves. The 21st vertebrum is the last 
morphologically unspecialized element of the 
column, although the 20th bIiows increased 
ossification. But from here to and including the 
24th or urostyle, the scarlet staining shows a 
bony deposit equalled in strength only by that 
in the jaws and teeth. There is no doubt that 
these structures and localities are of greatest 
importance to the young fish of this age. 

Ribs: The first two ribs arise from the 1st and 
2nd postcrania 1 vertebrae They are identical 
with each other and quite unlike the succeeding 
elements. In size and general direction they bear 
more resemblance to epipleurals than to true 
ribs, but they arise however, from the centra in 
true rib fashion. They are about half the diam¬ 
eter of the following ribs, and curve sharply back¬ 
ward. The first ends close beneath the second, 
and the sharp curve of the latter takes it across 
the 3rd rib not far below its head. The succeeding 
ribs are the strongest ossified parts of the anterior 
axial skeleton. The maximum in size, length and 
curvature is reached in the 6th ana 7th, while 
the 12th and last pair, situated just before the 
vertical of the anal opening, is short and almost 
straight. This pair is actually shorter than the 
succeeding corresponding elements forming the 
first haemal arch. 

The location of origin of the ribs in relation to 
the dorsal fin elements is as follows: The 1st rib 
arises between the 5th and 6th spines; 2nd, 7-8; 
3rd, 10-11; 4th, 13-14; 5th, 16-17; 6th, 19-20; 
7th, 21-22; 8th, 24-25; 9th, 26-27; 10th, 28-29; 
11th, 30-31; 12th, 32-33rd spines. 

Caudal Vertebral Complex: In the 21st vertebra 
the neural and haemal spines are typical, except 
that they are somewhat narrower than the pre¬ 
ceding ones. In the 22nd, specialization is ex¬ 
treme, and the neural spine, which has not yet 
ossified with the arch, has lengthened until it 
extends to a vertical of half across the centrum of 
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the urostyle, and underlies the anterior, four 
caudal raylets. The proximal half is a narrow 
flat leaf, which changes abruptly into a thin, 
sharp splinter, identical with the corresponding 
part of the equally elongated haemal spine. An 
interesting condition is the unossified base of the 
haemal process, together with the enlarged 
character of this element. (Text-fig. 4.) 



Caudal complex of 84 mm. Ishophorus grnji. 
X 25. 


The 23rd vertebra is very strongly ossified and 
less hour-glass shaped than the others. It 
possesses slender but well-developed anterior 
neural and haemal zygopophyses which perform 
their usual function. The haemal process is free 
from the centrum, the dorsal face of the process 
showing as a thin, wide-spread sheet of bone. 
The already large size of this structure, and its 
flaring edges anticipate the ultimate radical 
spreading of this bone, reaching up over more 
than half of the entire centrum, increasing its 
zygopophysial forward extensions, and swinging 
sharply backward, passing between the anterior 
haemal zygopophyses of the 24th vertebra, and 
in the adult, fusing its great blunt-headed spine 
with the 1st hypural. 

Thus we have three distinct developments at 
this early age, in the neural and haemal spines of 
the 21st, 22nd, and 23rd vertebrae; in the 21st 
the spines arc large, narrow, flattened leaves; in 
the 22nd both are reduced, with the distal lialves 
needle-like; in the 23rd they are again enlarged 
and elongate, subequal throughout and truncate. 

The 24th vertebra or urostyle is but little 
specialized in its anterior half, presenting a 
perfect half centrum and large, normal neural 
and haemal zygopophyses. From the side of the 
base of the haemal process arises a large, thin, 
fan-shaped, horizontal sheet of bone, the analage 
of the lateral caudal process in the full-grown 
sailfish. It measures .7 mm. from front to back, 
equal to the length of the half centrum ef the 
ultimate vertebra. 


From the posterior end of this last centrum, 
the urostyle proper curves steeply upward as an 
ossified finger, its attenuated tip almost readying 
the upper angle of the 3rd hypural, the upper 
element of the caudal fan. 

The 24th vertebra sends strong, anterior 
haemal zygopophyses forward, enclosing the 
haemal spine of the 23rd. Each of these zygopo¬ 
physes has a strongly ossified wing, below the 
haemal arch and between the zygopophysis and 
the 1st hypural. The latter is a strong, broad 
bone, rather wider at the tip than at its origin. 
It is quite free from the 2nd hypural, or lower 
caudal fan bone. The upper half of the caudal 
fan is separated almost to the base, from the 
lower half. A faint hint is observable of what in 
the 70 mm. fish is a distinct scam across the 
upper half of the hypural trail fan. 

The 24th vertebra shows. a rather small, 
specialized neural process with an anteriorly 
directed wing. Directly above it is a long, 
anterior branch of a free uroneural, which 
broadens out interiorly and sends another aim 
up, parallel to and dorsal to the urostyle. This, 
in the adult Xiphias and lstiophorm y is called a 
hypural by Gregory and Conrad. It is, however, 
a paired bone and also superior to the urostyle, 
and hence is a typical uroneural. Above this bone 
are two free epurals. They extend full out to 
the contour of the caudal complex, and are 
stout and truncated. Their anterior ends fit into 
the area between the wide-spread arms and the 
body of the uroneural. 

The next and last superior element in the 
caudal supporting complex is the broad, truncate, 
hypural-like, prolonged neural spine from the 
23rd vertebra. 

Dorsal Fin Bases: The first dorsal element is 
altogether subdermal, although it has a minute 
spine and a very small base, which is quite unat¬ 
tached. The spine of number two penetrates the 
skin, but only for the distance of .32 of a mm. 
It also has a very small and unattached base. 
The 3rd spine is 3 mm. long. It sends down a 
slender interneural which lies close in front of the 
succeeding interneural, but by far the major 
part of its subdermal process is a large, wide¬ 
spread bony fan which extends forward in the 
midline, a distance of 1.5 mm. over the exoc- 
cipitals and on well over the vertical of the supra- 
occipital. 

From here on, posteriorly, the subdermal part 
of the dorsal fin snows little variation, the spines 
splaying out beneath the skin into a pair of flat, 
strong bony expanses, affording ample attach¬ 
ment to the interneural elements. These latter 
are transversely broad at the top, changing into 
a flattened, fore and aft blade at the lower end. 
In this young fish there are two separate ele¬ 
ments in the interneural complex. One is short 
and cone-shaped, lying chiefly between the bases 
of the spines. It articulates loosely with the 
posterior base and extends almost straight for¬ 
ward, beneath the next element, notched on the 
way for articulation with the short posterior 
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spine of the latter. It finally articulates, end on, 
with the upper head of the intemeural. These 
intenieurals are almost vertical in the anterior 
dorsal elements, and the inter-basal bone is 
hardly apparent, although there is as yet no 
hint of the crowding together and actual ossifica¬ 
tion of these anterior intemeurals in the adult 
fish. Posteriorly, the interneurals become shorter 
and more oblique until they are almost hori¬ 
zontal and no longer than the superior, inter- 
basal bone. 

The posterior eight rays of the dorsal have 
their bases twioe as close together as the preced¬ 
ing ones, and all but the last have a great bony 
sheet or thin, wing-Jike structure develoj>ed 
down and back from the oblique interneurals, 
reaching to and parallel with tne upper line of 
the great leaf-like neural spines of the 18th and 
19th vertebrae. The last ray, which is completely 
double, springs from a single base and has only a 
very small, horizontal subdcrmal bone as its base. 

Anal Fin Bases: Subdermally, and judging by 
the interrelationship of the interhaemals, it is 
only the first 6 elements, 3 spines and 3 rays, 
which form a cohesive unit, and not 9, as we 
would assume from external observation. The 
let interhaemal is very large, triangular, with the 
broad base stretching forward along the body 
contour, almost to the anus, a distance nearly 
equal to the length of its spine. The succeeding 
interhaemals are all much alike, flattened, trun¬ 
cate, strongly ossified. 

The anterior six slant slightly forward, but 
from the 7th back this angle is greatly increased, 
until up to the 17th, these bones are not far from 
the horizontal. From the 18th on, the bases, like 
those of the incipient 2nd dorsal, develop a great, 
thin wing which almost unites the group into one 
solid sheet. The exception is the last, double 
element, which has only a small, independent 
base. To avoid confusion with published counts 
of median fin elements of Istiophorus , 1 am con¬ 
sidering the last double ray as one; but elsewhere 
in conformity with its evolutionary significance, I 
always recognize this double element as two rays. 

Pectoral Girdle: The superior elements are not 
greatly unlike those of the adult. The posttem¬ 
poral is distinctly three-pronged, more pro¬ 
nouncedly so than in the full-grown fish. The 
dorsal and ventral branches are much wider 
apart, giving the general external aspect of a 
turkey wishbone. The uppermost branch, con¬ 
necting with the epiotic is narrow, rounded at 
the tip, and flattened horizontally. The median 
is long and slender, and connected with the fork 
by a wide, thin wing. Posteriorly there is a 
rounded, conspicuous angle into wliich the 
anterior head of the supracleithrum will fit, but 
which in the present stage of ossification appears 
quite isolated. Text-figs. 5 & 6). 

The supracleithrum is a well-developed, blade¬ 
like bone, articulating with the flattened base of 
the posttemporal. It extends down and slightly 
back from the vertical and overlies the superior 
prong and the posterior flaring wing of the 


cleithrum. The two external toothed ridges, so 
conspicuous on the head of the 42 mm. sailnsh, 
are still seen projecting above the skin. One is 
ossified with the upper, posterior edge of the 
head of the supracleithrum, and the other to the 
external basal neck of the posttemporal. In the 
adult bones, vestigeal remains of both ridges can 
still be detected, especially in the series of teeth 
on the upper posterior knife-edge of the supra¬ 
cleithrum. 

The cleithrum shows less of the antero-poste- 
rior wing-like extension than it will later on, and 
the superior finger is relatively longer. From the 
base of this extension the cleithrum extends 
down and forward for more than three-fourths of 
its entire length as a long, thin rod, reaching the 
body contour, behind the posterior ends of 
several branchiostegals, and well ossified through¬ 
out. But there is no hint of the overlying exten¬ 
sion wliich later will curve partly over the scapu¬ 
lar and only an imperfect hint of the future thin 
sheet of bone which will completely close the 
cleithrum-coracoid interspace. 

Underlying both the ventral tip of the supra¬ 
cleithrum and the posterior wing of the cleithrum 
is the upper postcleithrum. This consists of an 
anterior thickened, rodlike margin flaring out 
behind into a broad, oval sheet of bony tissue. 
It extends down and back to beneath the first 
pectoral spine. Closely articulated with the lower 
end of this marginal rod is the lower postcleith- 
rum. This is half again as long as the upper 
element, and describes a long, sweeping curve 
behind and below the pectoral rays, slightly 
flattened anteriorly along its basal half, but 
thinning out into an elongate spine at the distal 
end. 

The scapular is shajied much as in the adult 
bone, but the coracoid preserves its primitive, 
elongate, curved, rodlike character, except for 
a posterior wing flaring out from the proximal 
half, and an anterior tongue of thin bone paral¬ 
leling the ventral aspect of the scapular. The 
lower, forward extension of the coracoid falls 
short of the corresponding end of the cleithrum. 
The actinosts are difficult to discern clearly but 
there are certainly five, all ossified, the upper¬ 
most oblique one extending back from the base 
of the stout, pectoral spine, and intimately con¬ 
nected with the posterior border of the scapular. 

Pelvic Girdle: This well-ossified and muscled 
girdle indicates an active usefulness of the exter¬ 
nal fins to which we have as yet no exact knowl¬ 
edge or clue. Each fin consists superficially of a 
spine and two rays, one of the latter being very 
greatly elongated. These all arise from a rela¬ 
tively small, bony, subdermal base from which 
in turn spring several diverse elements. Ante¬ 
riorly, from the spine side, a thin bony fan extends 
for a short distance forward and down. Supe¬ 
riorly and obliquely forward, two long slender 
spines reach up between the coracoids, and on 
across the almost empty intervening space, 
nearly to the mid-portion of the cleithrum. 

Posteriorly a shorter, stouter spine or style is 
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r i ext-figure 5 


Text-figure (5. 


Pectoral and pelvic girdles of 84 mm. 
Ixtiophorus grtyi. X 12. 


Pectoral girdle of adult Istiophorus 
anuruanus . Reduced 


directed backward, connected with the j>elvic 
base by a wide, thin bony fan or wing Below 
this, and arising from the base itself is a second, 
shorter spine The external pelvic spine proper 
is closely applied to the first elongate ray, while 
the shorter ray, although attached by webbing 
to the long one, is freely movable, and has a 
separate origin, arising not from the bony com¬ 
plex, but from the base of the posterior style. 

The base doubtless consists of several radials 
or actinosts, but nothing can lie decided with 
certainty until both younger and older specimens 
arc available. 

Istiophorus americanus Cuvier & Valenciennes. 

Atlantic Sailfish, 

Material Studied: One young specimen, stand¬ 
ard length 70 mm., from Piorida. Cat. No. 
28,932. KOH No. 2330. Presented by Duncan 
Holmes, August 12, 1938. 


Note: Tliis sjieeimen was in bad condition, 
many of the spines and rays being partly lacking 
and the webs torn. The young fish lias l)een 
cleared and stained. Its description will con¬ 
sist only of comparison with the 42 and 84 mm 
specimens from the Pacific Its standard length 
is 83% that of the latter. 

Color: As this fish was in alcohol for some time 
before coming into my hands, all definite color, 
both of the body and fins, has disappeared. The 
dorsal fin shows considerable brown pigment but 
no pattern. 

Food: In the stomach of this young sailfish 



separate hypurals indicates extreme youth, and 
the character of the vertebrae is distinctly 
clupeoid. In addition to this, seventeen copepods 
were present (Cat. No. 4,058). These were as 
follows: 1 Oncaea sp.; 1 Oilhona (male) sp.; 15 
Farramda rostrata. The latter had been swal- 
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lowed whole, and were so undamaged that there 
was no doubt even about the species. 

Dr. Charles B. Wilson, who kindly identified 
these for me, writes interestingly as follows: 
“I have gradually come to regard the coj>epods 
as holding the same relation to the fishes, that 
milk does to the mammals. No matter what the 
ultimate food of the adult may be, the newly 
born young subsist for a time upon the same fooa: 
milk for mammals and copepods for fish. This 
is the first baby of any of the large carnivorous 
fish whose stomach contents I have had the 
privilege of examining, and it is gratifying to 
find that they start by feeding in part at least 
upon some of the very smallest of the tropical 
surface copepods.” 

Measurement*: Total length 74.3 inm.; stand¬ 
ard length 70; depth at pectoral 5.7; head 37; 
eyeball 3.4; snout 29.3; snout to first dorsal 29.3; 
snout to pectorals 36.6; snout to pel vies 39; 
maxillary 32; lower jaw-tip to snout-tip 21; 
upper pterotic spine 1; lower preopereular spine 
3; dorsal height, fifteenth spine 20; caudal lobes 
5.7; middle caudal rays 2; pelvic spine 1.75; 
pelvic elongate ray 13.4; pelvic short ray 2 mm. 

Counts: Dorsal count 5 4- 36 4- 7 + 8 * 56: 
caudal count 12+7+8 + 12“ 39; pectoral 
count 1 +18 « 19; pelvic count 1+3=4. 

General Body Form: At the vertical of the 
pectoral origin, which is the least distorted part 
of the body, the depth is 5.6 mm., giving a rela¬ 
tion of about eleven times in the body length. 

Skin: The distribution and the general char¬ 
acter of the body scales is exactly like the 
Pacific species, but the scales themselves are 
decidedly less developed. They are smaller and 
the central clear area is larger, and the snines are 
unexpectedly low, thick and blunt. Tnis char¬ 
acter is much more than we should expect in a 
fish only 17% less in length than the other. The 
largest scale is .2 mm. in diameter. 

Lateral Line: The lateral line scales separating 
the long series of openings are distinct from the 
scales proper in possessing irregular thickenings 
on the surface. These are usually in two ragged 
lines or patches of rugosities across the upper and 
lower parts of the scale. None of the adjacent 
scales, above or below, are thus marked. 

Cephalic Ridge and Spines: The serrated 
cephalic ridge over the eye is less develo]>ed, as is 
also* the upper spine, but the lower one is longer 
than in either the 42 or the 84 mm. individuals. 
The upper spine very definitely arises from the 
external ridge and posterior end of the pterotic, 
overlying the point of attachment of the lower 
branch of the posttemporal. The lower, pre- 
opercular spine is very strong but only slightly 
serrated. It measures 3 mm. in length. 

Dorsal Fin: In spite of the damage incurred, 
we can see that this fin was continuous and con¬ 
tained 56 elements, asdn the 84 mm. fish. The 
same four divisions are evident, tho relative 
numbers being 5+36+7 +8. Numbers 1 and 
2 are subdermal at this stage, and in an uncleared 
specimen would not be distinguishable. The 


first 5 are true spines, separated from the succeed¬ 
ing elements by an even greater distinction in 
relative length of the 5th and 6th elements. 
Basaliy, there is another local grouping, elements 
4 to 8 inclusive, whose bases and origins are very 
close together. The 6th to 37th ray-like spines 
compose the large part of the fin. The succeeding 
6 are marked off by being shorter and more 
delicate, and will be among those lost in the 
adult. The posterior 8 are typical rays, close 
together, possess strong and deep supporting, 
subdermal bases, and will form the ultimately 
isolated 2nd dorsal. 

Anal Fin: This is too damaged, even as to the 
bases, to count accurately. Twenty-two elements 
can be made out and there were probably several 
more. 

Caudal Fin: Although considerably damaged, 
the caudal count can be made out to be identical 
with that of the 84 mm. fish, except that the 
central upper and lower halves are 7 and 8 
respectively instead of 8 and 7. 

Pectoral Fin: The pectoral formula is 1-18. 
This fin is relatively smaller than in either of the 
Pacific baby sailfishes; 6.6% to the standard 
length, as compared with 10% and 7.6%. The 
rays articulate (distantly, at this stage) with 
four free radials; the two central ones more 
slender and flaring slightly at top and bottom* 
the outermost with an expanse of thin, external 
wing, and articulating closely at one side, with 
the outer shoulder of the coracoid. The inner¬ 
most of the four contacts the postero-inferior 
angle of a 5th radial. The base of the ]>ectoral 
spine is enlarged, and is intimately facetted with 
the upper end of this long, angular 5th radial, 
which is partly ossified with the posterior border 
of the scapular. 

Pelvic Fin: The elongate pelvic rays are split 
4.8 mm. from the tips, more than a third of their 
length, the split being normal, a character not 
apparent in either of the young Pacific fish. 
Almost at the point of division, the free tip of 
what appears to l>c a 3rd ray is visible, becoming 
at once merged with the larger stem. 

Skull: The bones are slightly more distinct than 
in the larger fish, about as much as we should 
expect. The relation of the frontal, nasal, 
maxillary and premaxillary is as already de¬ 
scribed, as Gregory has deduced from the adult, 
and excellently illustrated. 

Opercles: These bones are more strongly 
ossified than in the larger fish, and the opercle is 
distinct as far back as the base of the pectoral. 

Teeth: There is no edentulous area in the 
upper jaw. 

Caudal Complex: The general condition as 
compared with that in the 84 ram. fish shows 
slightly more separation of the various elements. 
One radical difference is the division of the upper 
half of the caudal fan bone, into two hypurafis by 
a strong, transverse seam, which however, is 
not open. It extends clear across the bone, about 
one-fourth of the way up from the midline divi¬ 
sion. The separation between the two halves of 
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the central hypurals is complete, extending clear 
down to the urostyle. Several vertebral divisions 
are faintly distinguishable near the base of the 
urostyle finger itself. 

Dorsal Fin Bases: These are relatively much 
less ossified than they arc in the 84 mm. specimen. 
At this stage, there can be very little muscle at¬ 
tachment for control of the great expanse of 
spines and webbing. 

Pectoral Girdle: This is the most strongly 
ossified of all the fin bases. Even this young fish 
must have some important use for this elongate, 
narrow fin, although, as we have seen, the long 
rays are split into two branches for a full third of 
their length. 

Istiophorus greyi Jordan & Hill. 

Material Studied: Full grown male, of 2,616 
mm. standard length, 2,946 mm. total length 
(nine feet, eight inches) over all; taken trolling 
with feather jig, 5:30 P. M. February 8, 1938, on 
the Eastern Pacific Zaca Expedition; Station 
210, 9° 12' North Lat., 85° 5' West Long., 
twenty miles south of Cape Blanco, Costa Rica. 
Cat. No. 28,308; photographs 9081 and 9082; 
weight 115 pounds. 

Color: Typical Pacific sailfish coloration, deep 
blue on upper half of body and along base of 
dorsal; with about twenty vertical pale bands 
down sides, some broken into a series of large 
whitish spots. Sail perfect, very large, deeply 
incised in the anterior portion; covered with 
small, blue spots. 

Size and Weight: The following six Pacific fish 
give an average relation of length and weight for 
adult fish. The lengths are total: 

2,730 mm. 78 pounds 
2,743 mm. 92 pounds 
2,781 mm. 100 pounds 
2,794 mm. 94 pounds 
2,946 nun. 115 pounds 
2,965 mm. 117 pounds 
3,073 mm. 130 pounds 

Food: Seven small squids, 50 to 100 mm. long; 
one large squid with very large caudal fin, body 
300 mm., with the caudal fin 120 mm. wide. 
Also a two-inch paj>er nautilus, shell and inmate 
(No. 38,211), and a 40 mm. Chaetodon humeralis f 
both quite uninjured. 

A one-hundred-pound sailfish taken in the 
Pearl Islands, Panama Bay, had eaten five, eight- 
inch Caranx caninus. 

Parasites: Only a single free copepod on the 
whole body of the sailfish, but clusters of slender 
parasitic copepods with brush-like gills at the 
distal end (Photograph 9083). Two of these 
clusters has several bright colored barnacles 
growing tightly to each stem. Those which 
carried no barnacles, trailed tremendously long 
and very thin threads of eggs. They are probably 
Penella filosa (Linnaeus). 


Measurements: Total length 2,946 mm.; stand¬ 
ard length 2,616; depth at pectoral 304; depth at 
first dorsal 331; depth at second dorsal 183; depth 
at peduncle 63; head 889; eyeball 53; iris, hori¬ 
zontal 41; iris, vertical 35; snout 599; snout to 
first dorsal 801; snout to pectorals 915; snout to 
pelvics 965; maxillary 686; lower jaw 279; lower 
jaw-tip to snout-tip 292; nostril to eye 25; anus 
in front of first anal 150; interdorsal width 77; 
first dorsal base 1,397; first dorsal height, first 
spine 496; first dorsal height, 15th spine, 1,003; 
dorsal sheath depth 51; first anal base 51; first 
anal height 234; second anal base 88; second anal 
height 77; caudal lobes spread 934; upper caudal 
lobe 546; lower caudal lobe 537; pectoral length 
419; pectoral base 100; pelvic length 667 mm. 

Counts: first dorsal count 3 + 36 + {€) - 39 * 
second dorsal 7; first anal 2 + 11 =13; second 
anal 6. 

Skin: Much of the skin of the adult sailfish is 
covered with a multitude of minute mucous 
openings, sometimes in parallel lines. Many of 
these are surrounded by a well ossified, but 
tissue-thin plate or scale, oval or rounded, and 
easily detached. If the central portion lies over 
a mucous opening it is perforated, doughnut-like. 
Often the scale is a hemicircle or a small irregular 
piece, but when perfect it is rounded and per¬ 
forated. On other large areas of the skin, these 
protective scales are found in all shapes, sizes and 
frequencies, or again for several inches, they 
may be in regular lines. 

Under high power, a typical, elongate oval, 
guard scale is seen to have the surface covered 
with a mass of low, blunt tubercles, presenting a 
rough, crystalline appearance. The center is 
I>erforatea with a large, oblong hole, and around 
this are grouped eleven enlarged, thick, sharp 
spines or teeth. Eight along the upper edge grow 
horizontally out and over the rim of the opening, 
completely protecting that side. On the opposite 
side are three slightly larger spines, more nearly 
vertical, also pointing over the edge but ob¬ 
liquely upward. This scale measured .45 long by 
.23 mm. wide. These toothed scales seem to be 
placed more regularly and to protect openings 
larger and of different origin from the multitudi¬ 
nous small mucous vents. (Text-fig. 7.) 

The second type of adult scale is a stiff scute, 
strongly ossified, irregularly abundant, some¬ 
times completely buried in the epidermis, more 



Mucous canal guard of 2,616 mm. Istiophorus 
greyi . X 15. 
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often half exposed. These all lie with their long 
axes longitudinal to the fish. They vary con¬ 
siderably in shape, but the commonest type is 
rounded at one end (the anterior or concealed 
end) and tapering slowly to a blunt point at the 
other end. These scales vary from 9 to 15 mm. 
and may occur in several depths of epidermal 
and dermal strata The surface iR covered with 
a succession of fine lines like those on an ordinary 
fish scale These all focus on the center of the 
round end, giving an exact imitation of a thumb 
print. In a scale 3 by 10 mm. there were forty- 
three concentric lines between the center and the 
periphery of the round end The lines are distinct 
as such, but they are also minutely beaded with 
rugosities. In one unidentified area of skin, these 
scutes were in the form of long, narrow splinters, 
25 or more mm in length, and lying close to¬ 
gether well below the surface, forming an almost 
solid armor (Text-fig 8, and Plate III, fig 6) 



Text-figure 8. 

Dermal scute of 2,016 mm. Istiopharu * gr<yi. 
X 6 5. 


Teeth: The denticles on the jaws of the adult 
sail fish are short, stout, translucent white, sharp- 
pointed and slightly curved They are very 
small, varying from .3 to 7 of a mm. Their ar¬ 
rangement is wholly irregular, their average 
distance apart being about their own height. 
In an area 4 by 1 mm. square, there were 42 
denticles They are very strongly inserted, and 
where they are lost, there remains a deep, round 
hole. (Plate IV, fig 7 ) 

On the mandible and on the maxillary as far 
as the tip of the lower jaw, the denticles arc con¬ 
fined to two broad bands al>out 12 mm wide. 
The mandibular band is strongly trans\crsely 
curved but horizontal, while that of the upper 
jaw is very flat and oblique, sloping up and out¬ 
ward. In each case the denticular band is raised 
above the surface of the adjacent surface of the 
jaw Beyond the tip of the mandible, the max¬ 
illary band widens at once, and encroaches upon 
the ventral and dorsal surfaces until, in the 
distal third, the surface of the bone is completely 
covered. As the upper jaw becomes more and 
more flattened, dorso-ventrally, the strongest 
denticles come to be concentrated along the 
lateral edges, those above and below being 
smaller, more stub-like. 

Pectoral Spine: This is a true spine, but when 
dry, it splits into longitudinal halves near the tip. 
This splitting bears no resemblance to the 
lateral dividing, natural to the other pectoral 
elements, which are true rays. 


Anal Fin: Unlike some other Pacific specimens 
which I have examined, this individual had the 
first and the last rays of the second dorsal and 
second anal very considerably elongated. 

Pelvic Fin: In the pelvic fin of the full-grown 
sailfish, the spine is usually very distinct, al¬ 
though closely applied to the base of the elongate 
ray. The spine is relatively smaller compared 
with this ray; 1 to 26 in the adult and 1 to 9 in 
the 84 mm. fish. At the base the spines are 
solidly ossified with a large, irregular transverse 
bone. From a hollow in this bone, arise two 
large rays. In one fin I examined these amal¬ 
gamated and fused with one another more and 
more throughout the length of what appears 
usually to be a single, greatly elongated ray. 
In another specimen two additional, short, free 
rays were present, concealed l>etween the bases 
of the fins. I have not had a chance to dissect out 
the last free ray (usually recognized as the 2nd). 

In certain individuals the full complement of 
one spine and four rays seems to be present. Yet 
the elongate single or double ray has a deep, long 
dermal sheath provided for it and a very con¬ 
siderable expanse of webbing throughout its 
entire length. (Plate IV, fig 8 ) 

Pelvic Arch: The adult pelvis is compact and 
complex, a single large bone with expanded, 
wing-like anterior portion, and a smaller^ superior 
flange, flaring out inwardly and horizontally, 
just lielow the curved upper surface of the mam 
bone. Posteriorly there arises a prominent, 
slender style The pronounced superior curve 
and the great expanse of wing make it unlike the 
pelvis of any other family of scornbroids This 
whole affair is duplicated, and the two are 
oined together by the enlarged area of the 
lorizontal flange, together with the base of the 
style The fin itself is attached to a transverse, 
thickened area which articulates with the trans¬ 
verse base of the jielvic spine The full length of 
the pelvic arch as compared witli the elongated 
ray is as 1 to 6, whereas in the young fish it is 
1 to 10. (Text-fig 9) 




Pelvic girdle of adult IsUophorus amencanus. 
Reduced IH. 
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Summary and Conclusions, 

General: A most significant feature, evident at 
first glance at the three young sailfish, of 42, 70 
and 84 mm. standard lengths, is that in spite of 
their diminutive size, they are, externally, ab¬ 
surdly like the full-grown adult fish. The greatly 
elongated upper jaw and pelvic fins, the enor¬ 
mous expanse of dorsal fin, are as characteristic 
of the 42 mm. specimen as they are of the adult 
fish more than sixty times as long. 

When, however, we add to these externals of 
the normal opaque fish, the skeleton and other 
internal characters, we realize that there is little 
or no hint of the radical changes to come. The 
absence of intermediate material, such as two- or 
three-foot sailfish, only emphasizes that these 
young fish are isolated, well-balanced, efficiently 
functioning organisms in their own right. Like 
most typical fish they are covered with scales, 
their jaws are filled with teeth of ordinary 
pattern, and their two specialized fins impose no 
unusual activities or habits. 

There is no hint of the subsequent complete 
disappearance of the armor of scales, and their 
replacement with minute mucous canal guards 
and bony scutes. Without having ever seen the 
full-grown fish we would never know that the 
teeth would all fall out, with the substitution of 
uncounted, cruelly sharp and strong denticles, 
covering the entire sword. 

With this radical change in the dental armature 
of the snout, and the consequent shift from a 
prehensile snapping, to a slashing method of 
attack and feeding, the entire head and body will 
undergo vital changes. A mobile, twisting body 
will alter to a stiffened, recoil-guarded handle to 
the great sword; the parethmoid and other 
regions of the skull, the vertebrae and caudal 
complex, the fin bases, the pectoral arch—all will 
witness an ontogenetic swift and thorough 
thickening and extension of ossification. All 
joints will be stiffened, until the whole becomes a 
taut, tense spring, an organic engine to generate 
and direct the terrific ramming, hitting and 
slashing power of the solidly denticled sword. 

In the young fish all this excess of bone forma¬ 
tion is held in abeyance, adumbrated only, so 
that the toothed, scaled, prehensile stage of 
development may function as j>erfectly as though 
it would persist throughout tho entire lifetime of 
the fish. 

Scale Comparison of Young Xiphias with 
Istiophorus: The scales of a young Xiphias 
gladius of 87 mm. standard length (loaned by the 
American Museum of Natural History) are 
wholly unlike those of Istiophorus of correspond¬ 
ing size (84 mm.). In Xiphias all are of one 
general pattern, with broad, flat, irregular base, 
the periphery deeply incised, stellate, with many 
sharp points. Those covering the body as a 
whole, are small, with commonly two (rarely 
one or tliree) slender, sharp, straight spines. 
These scales form narrowly spaced longitudinal 


rows along the sides. The second type of scale is 
arranged in eight rows, four on each side of the 
body, all rather near the unpaired fins; those 
nearest being decidedly the largest. Each scale 
slopes up to a narrow central ridge, along which 
are usually four (rarely three or five) compressed, 
thick, backward curved, talon-like spines. The 
most unexpected thing about these is that they 
are fully webbed to the tips, like diminutive, 
unpaired fin spines. 

In a smaller Xiphias of 40 mm. (No. 28,933) 
there is much less differentiation between the 
two types of scales, the whole body being densely 
clothed with the smaller ones. The character of 
these scales is as unlike those in young Istiophorus 
as those of the larger Xiphias . 

Comparative Measurements: The accompanying 
table gives the relative percentages of measure¬ 
ments in four sailfish, with standard lengths of 
42, 70, 84 and 2,016 mm. Although in outward 
general appearance even the smallest and the 
largest are extremely alike, yet the smallest is 
only 1.6 percent of the standard length of the 
largest, while its weight is 194,190 times less than 
that of the adult. 

The depths of the four fish show little change, 
the extremes at the vertical of the origin of the 
dorsal being 10 and 12.7% (always considering 
the smallest fish first), and those at the peduncle 
being even closer. 

The head is considerably larger in the three 
young, more than half the length of the fish, 
while it diminishes to a third in the adult. The 
eye, as so often the case, is larger in the immature 
fish, the relative decrease being one-half to two- 
thirds. The three measurements of snout to 
dorsal, pectorals and pel vies are relatively 
similar, all more than half the standard length 
in the young and decreasing to one-third in the 
old one. Both the maxillary and the lower jaw 
show similar but less extreme reductions. The 
cephalic spines show diminution even from the 
42 to the 70 mm. ages, and of course arc wholly 
lacking in the oldest individual. The greatest 
height of the dorsal presents little relative growth 
change, the two extremes being 32 and 38.4%. 

There is radical change in the caudal fin. The 
length of the lobes shift from 10% in the smallest 
infant, to 20 in the adult, and the spread of the 
fin is still more marked, 7.8 to 35%. Greatest of 
all are the changes in comparative lengths of the 
middle and outer caudal rays, from 85% in the 
more normally shaped tail of the small fish to 
only 10.5% in the mighty crescent of the full- 
grown sailfish. The pectoral length increases 
from 10 to 16%. The pelvic spine, although short 
and consolidated in the? young (2.5 to 3.5%), 
becomes of even less importance in the old fish, 
a mere seven-tenths of 1%. The length of the 
elongate pelvic ray shows considerable variation 
in the yoting fish themselves, from 10% in the 
70 mm. Florida specimen, to 26% in the 42 mm. 
baby. In the adult sailfish this elongate ray has 
increased only to 30%. 
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Total length. 

Standard length. 

Depth at pectoral. 

Depth at dorsal. 

Depth at peduncle. 

Head. 

Eye-ball. 

Snout. 

Snout to dorsal. 

Snout to pectorals. 

Snout to pelvics. 

Maxillary. 

Lower jaw. 

Lower jaw to snout tip. . . 

Upper pterotic spine. 

Lower preopercular spine. . . 
Dorsal neignt. 15th spine. . 

1st anal lobe neight. 

1st anal lobe base. 

2nd anal lobe height. 

2nd anal lobe base. 

Caudal fin spread. 

Upper caudal lobo. 

Lower caudal lobe. 

Mid. caudal rays. 

Pectoral length. 

Pelvic spine. .. 

Pelvic 1st ray. 

Pelvic 2nd ray. 


Percentages in Standard Length. 


46.5 mm. 74.3 mm. 

42 mm. 70 mm. 

10 % 8 % 

10 

3 2 

51.6 53 

6.6 4.8 

35.7 42 

50 52 

52.4 55.7 

52.8 56 

42.8 45.7 

19 18 

22.6 30 

4 1.4 

6.6 4.3 

32 

5 

3.5' 

2.4 

2.4 

7.8 

10 8 

11 
85 

10 6.6 

3.5 2.5 

26 10 

5.5 3 


91 mm. 

2,946 mm. 

84 mm. 

2,616 mm. 

7.6% 

11.6% 

8 

12.7 

2 

2.4 

53 

34 

4.7 

2 

41 

23 

51.7 

30.6 

54 

35 

54.8 

37 

46 

26 

16.7 

10.7 

30 

11 

1.6 

— 

3 

—-— 

33 

38.4 

4 

9 

2.8 

8.6 

2 

3 

2.8 

3.4 

12.8 

35.7 

10 

21 

10 

20.5 

87 

10.5 

7.6 

16 

2.6 

.7 

23.8 

3.8 

30 


Antcro-poderior Growth Increase: To illustrate 
the well-known antero-posterior extension of 
various parts of the skeleton of the sail fish, the 
vertebral comparison of young with adult must 
suffice. This shows the very marked shift in pro¬ 
portions during post-larval ontogenetic develop¬ 
ment. This table shows the relative proportions 
of times height in length, of eight vertebral centra 
in the 84 mm. fish and an adult. 


Vertebrae 

84 mm. 

Adult. 

5th vertebra. . . 

. 2 

2.3 

10th vertebra. . 

. . . 2 

3.6 

13th vertebra. 

. . 2 

3.1 

15th vertebra. 

1.8 

4 

18th vertebra. . 

. 1.7 

4.1 

20th vertebra.... 

. 1.4 

4.0 

22nd vertebra.... 

. ... 1.8 

3 

23rd vertebra... 

. ... 1.8 

2.5 


Unpaired Fin Counts: The following compara¬ 
tive dorsal and anal fin counts of various growth 
stages are taken from illustrations, as well as from 
skins and mounted specimens, and from the 
freshly caught fish which I have studied. I pre¬ 
sent the data chiefly to show how weak and 
unreliable a character for systematic specific 
differentiation is the count of the elements of the 
unpaired fins. 

Shape of Dorsal: A character which, in my 
material, is shown only by extremes, is the general 
profile of the dorsal. In the young fish of 42 and 
84 mm., the great sail is almost a perfect hemi- 
eircle, highest in the tenter, where the 15th ray 
or thereabouts is the longest. In the adults, both 
Atlantic and Pacific, there is a deep notch in the 
anterior third of the distal profile. There is no 
hint of this in the young, not even an incipient 


weakness in the distal portions of the elements, 
such as is evident in that posterior section 
destined for obliteration in the full-grown sailfish. 

Teeth: Correlated with what we have found to 
be true of the body scales, there seems no connec¬ 
tion whatever between the normal piscine teeth 
of the young sailfish, arising in a dominant single 
row along the edge of the jaws from broad, flat, 
easily detachable bases, and the solid, irregularly 
distributed, tusk-like denticles of the full-grown 
fish. 

No material is available for showing any 
transitional stages. Except for the sensible loss 
of some distal maxillary teeth in my 84 mm. 
specimen there is no evidence of any coming, 
radical change. 

Food: The most striking thing about the food 
of the young sailfish is the similarity of diet in 
both Atlantic and Pacific individuals. In each 
there was a skeleton of a very young shore fish, 
in one case certainly, and in the other probably, 
a clupeoid. The remaining food was exclusively 
copepods, and coi>epods l>elonging to the very 
smallest of the tropical surface forms, all within 
the suborder Cyclopoida, characterized, at least 
in Farranvla and Corycaeus , by very large, 
forwardly-directed eyes. Most of these copepods 
are extremely small species, less than a millimetre 
in length. 

While the small fish food was bitten in two, the 
copepods had been swallowed whole, the solid 
rows of young sailfish teeth having wrought no 
damage whatever. The dominant copepod food 
of the Atlantic fish consisted of Farramda ros- 
trala y while that of the Pacific individual was 
Farranula gibbula. These two young sailfish were 
taken in different oceans, separated by twelve 
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mm* Dorsal Counts . 


5 

Undifferentiated 


Atlanlic (Lutken, 1880) 

9 

“A low fringe.” 


Atlantic (GUnther, 1873-4) 

14 

21 

- 21 

Atlantic (Gunther, 1873-4) 

42 

5 + 35 4* 6 + 9 

* 55 

Pacific (Beebe, page 210) 

70 

5 + 36 + 7 + 8 

« 56 

Atlantic (Beebe, page 219) 

84 

(1)4 +37 + 6 + 8 

* 56 ' 

Pacific (Beebe, page 213) 

108 

3 + 45 + 8 

— 56 

Atlantic (Cuvier, 1831) 

457 

2 + 45 + 7 

- 54 

Red Sea (RuppeU, 1841) 

Adult 

3 + 30 (7 subdermal) 

7 * 47 

Atlantic (Goode. 1883) 
Atlantic (Jord. <s Ever.. 1896) 

Adult 

41 (Space) 

7 - 48 

Adult 

40 (6 Stubs) 

7-47 

Atlantic (Amer. Mus. skin) 

Adult 

40 (6 Stubs) 

7 — 47 

Atlantic (Amer. Mus. skin) 

Adult 

34 (Space) 

8-42 

Pacific (Panama, Mounted) 

Adult 

33 (13 Stubs) 

7-40 

Pacific (Panama, mounted) 

2616 

3 + 36 (6 Stubs) 

7-46 

Pacific (Beebe, page 221) 



Anal Counts 


5 

Undifferentiated 


Atlantic (Lutken, 1880) 

9 

Undifferentiated 


Atlantic (Gunther, 1873-4) 

14 

13 

— 13 

Atlantic (Giinther, 1873-4) 

42 

11+7 + 8 

- 26 

Pacific (Beebe, page 210) 

84 

9+8 + 8 

- 25 

Pacific (Beebe, page 213) 
Atlantic (Cuvier, 1831) 

108 

12 + 8 + 8 

- 28 

457 

Adult 

10 (Space) 

11 (9 Stubs) 

7-17 

7-18 

Red Sea (Ruppell, 1841) 
Atlantic (Goode, 1883) 

Adult 

9 (Space) 

7-16 

Atlantic (Jord. & Ever., 1896) 

Adult 

9 (Space) 

8-17 

Pacific (Panama, mounted) 

Adult 

9 (Space) 

8-17 

Pacific (Panama, mounted) 

2616 

2 + 11 (Space) 

6-19 

Pacific (Beebe, page 221) 


hundred miles of longitude, and six hundred of 
latitude. 

The adult fish is commonly reputed to obtain 
its food by using the snout like a slashing broad¬ 
sword, yet the fish and squid food which I have 
examined, together with such delicate objects as 
the shell of a paper nautilus, wore all swallowed 
whole and undamaged. 

Diagnostic Characters: In the young fish two 
characters only stand out as even faintly diag¬ 
nostic. In the 70 mm. Atlantic fish, the scale 
spines are short, thick and blunt, not long and 
slender as in the 42 and 84 mm. Pacific sailfish. 
The former has a slightly shorter pectoral fin, 
6.6% of the standard length, not 7.6 and 10% as 
in the two latter young fish. 

Characters of Growth Stages: For what they arc 
worth, I present a summary of a few characters 
taken from a scries of growth stages, from illus¬ 
trations and from my specimens. It is possible 
that several of these may belong to different 
genera, but their very inconsistencies will be of 
value when a complete series of newly caught 
young fish is available. Text-figure 1, a-j. Page 
210 . 

Length 5.5 mm. (Lutken, 1880). 

Jaws equal. 

Completely toothed. 

Ix>wer spine as long as jaws. 

Dorsal, a long finfold. 

Pectorals, large and rounded. 

Pelvics, rudimentary. 

Length 9 mm. (GUnther, 1873-74). 

Jaws equal. 


Completely toothed. 

Lower spine equals jaws. 

Dorsal, a long, low fringe. 

Pectorals, large and angular. 

Pelvics, short buds. 

Length 14 mm. (Gunther, 1873-74). 

Upper jaw slightly the longer. 

Completely toothed. 

Lower spine equals jaws. 

Dorsal high, equal to snout. 

Pectorals rounded. 

Pelvics elongate filaments. 

Length 16.5 mm. (I^aMonte & Marcy, 1941). 

Upper jaw slightly the longer. 

Completely toothed. 

Lower spine 34 of jaws. 

Dorsal high, equal to jaws. 

Pectorals angular. 

Pelvics elongate filaments. 

Length 42 mm. (page 210). 

Upper jaw 2J^ long as lower. 

Completely toothed, 
lower spine equals eye. 

Dorsal very high, rounded. 

Pectorals large, rounded. 

Pelvics elongate, % snout. 

Length 60 mm. (Gunther, 1873-74). 

Upper jaw twice lower. 

Lower spine l l A eye. 

Dorsal higher in front. 

Pectorals long, rounded. 

Pelvics moderate filaments, eye. 
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Length 84 mm. (page 213). 

Upper jaw 2.7 times lower. 

Tip of upper edentulous. 

Lower spine 1 Y% in eve. 

Dorsal high, rounded. 

Pectorals moderate, angular. 

Pelvics elongate, 1,4 in lower jaw. 

Length 108 mm. (Cuvier, 1831). 

Upper jaw 2}^ lower. 

Tip of upper edentulous. 

Ijower spine Y eye. 

Dorsal high, sloping back. 

Pectorals long, slightly falcate. 

Pelvics longer than lower jaw. 

length 457 mm. (Ruppell, 1841). 

Upper jaw 1 l /i lower. 

Completely toothed. 

No spine. 

Dorsal very high, rounded. 

Pectorals small, angular. 

Pelvics equal dorsal height. 

Length 2616 mm. (page 221). 

Upper jaw V/% times lower. 

No teeth, replaced by denticles. 

Dorsal with deep anterior notch. 

Pectorals falcate, long. 

Pelvics nearly equal upper jaw. 

Istiophorus americanus 

As this article was going into final page proof, 
Miss Lyle McCaleb sent me a beautiful photo¬ 
graph of a young sailfish taken by Aubrey Nelson 
at Aransas Pass, Texas, August 31, 1941, said to 
weigh less than a pound, and to measure 20 
inches in total length. The fish has been mount¬ 
ed, so is not available for study, but many details 
are distinct in the photograph (Plate V, Fig. 9). 

It compares very closely with the illustration 
of Ruppell's specimen of 457 mm. (Trans. ZooL 
Soc. London , II, 1841, p. 71, Plate 15). To¬ 
gether with that fish it exhibits an adult contour 
of the caudal fin, wholly unlike the tail of all 
smaller individuals. 

From the excellent photograph I have been 
able to make out the following percentages, all 
of the standard length of 437 mm. Depth 9.5%; 
head 38.6; eye 2.74; snout 32; maxillary 34.8; 
lower jaw 14,4; upper jaw overhang 21.6; pecto¬ 
ral length 7.2; dorsal height 29.7%. The pelvics 
are partly buried in their sheath, so cannot be 
correctly estimated. 

These measurements resolve as follows, as 
compared with sailfish of 42 mm., 84 mm. and 
2,616 mm, standard lengths: the head is much 
nearer that of the adult, as is the size of the eye; 
the snout is like the smallest, but the lower jaw 
is median in proportion; the jaw overhang is 


close to that in the 42 mm. fish, but the pectoral 
length corresponds to the fin of the 84 mm. 
sailfish. 

The exact shape of the dorsal fin is uncertain, 
but it appears to show little of the adult, an¬ 
terior, profile depression. Forty elements are 
distinguishable back to the short posterior rays, 
and the interval between the future first and 
second dorsals is occupied by short, webbed 
stubs. Teeth are faintly visible in both jaws, at 
least as far as the tip of the lower; spines are 
absent, and the pectorals seem quite falcate. 

For comparison with the ten growth stages I 
have shown in Text-figure 1,1 offer the following 
caption: 

437 mm. (Texas, 1941). 

Upper jaw 2.4 times lower. 

Jaws proper toothed, snout uncertain. 

No spines. 

Dorsal high and rounded. 

Pectorals falcate. 

Pelvics equal one-half head. 
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EXPLANATION OF THE PLATES. 


Plate 1. 

Fig. 1. Istiophorus greyi, 42 mm., photographed at 
moment of death. X 2.7. 

Fig. 2. I8tiophoru8 greyi, 42 mm., from a drawing 
from life by George Swanson. X 2. 

Plate II. 

Fig. 3. Istiophorus greyi, 84 mm., photographed at 
moment of death. X L2. 

Fig. 4. Istiophorus greyi , 84 mm., from a drawing 
from life by George Swanson. X 1-5. 

Plate III. 

Fig. 5. Scales of 84 mm. Istiophorus greyi . X 18. 


Fig. 6. Dermal scute of 2,616 mm. Istiophorus 
greyi . X 10. 

Plate IV. 

Fig. 7. Rostral denticles of 2,616 mm. Istiophorus 
greyi . X 12. 

Fig. 8, Pelvic fins of 2,616 mm. Istiophorus greyi. 
(Reduced 5). 

Plate V. 

Fig. 9. Istiophorus americanus , 20 inches total 
length, 437 mm. standard length, taken 3 
miles off Aransas Pass, Texas, August 31, 
1941, by Aubrey Nelson. (Reduced 3.6). 
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On the Reproduction of Opsanus beta Goode & Bean. 


Charles M. Breder, Jr. 


New York Aquarium . 


(Plates 1 and II). 


Introduction. 


Location of Nests. 


The species of toadfisli, Opsanus b<ta Goode & 
Bean, formerly synonymized with Opsanus tau 
(Linnaeus) by most authors but Reestablished by 
Schultz & Reid (1937), lias not been studied from 
a standpoint of its reproductive habits. This 
form of Opsanus abounds in the vicinity of the 
field station of the New York Aquarium located 
on Palmetto Key in Charlotte Harbor on the 
west coast of Florida. In making the studies on 
the reproductive habits of Paraclinus marmoraius 
(Steindachner), Breder (1939 and 1941), it was 
encountered on its nests in considerable numbers, 
esj>ecially in Pelican Bay where most of the 
Paraclinus work was carried on. The observa¬ 
tions and studies discussed herein were made 
during 1939, January 25 to February 21, and 
May 17 tg May 31; 1940, June 17 to July 8; and 
1941, March 4 to April 1, incidental to other 
more pressing problems. In 1940 Dr. Louis A. 
Krumliolz acted as assistant at the laboratory, 
while at the other visits Mr. Marshall B. Bishop 
acted in that capacity. To both these gentlemen 
my thanks are due as they made it possible for 
much more to be accomplished than could have 
been undertaken without their help. 

The Spawning Season. 

Nests of eggs of this species may be found only 
during the early part of the year. The earliest 
and latest dates on which nests were found, 
together with the respective water temperatures, 
are given below. 

Dates Water Temperature 

March 9, 1941 67° F. 

March 19, 1941 62° F. 

During the period of these studies the mean 
midday water temperature was 67° F. with ex¬ 
tremes of 72° and 59°. 

Mr. Bishop reported seeing nests in February, 
1939, so it may be inferred that the spawning 
season roughly covers the months of February 
and March. At times later than the latter month 
no nests were found and fish that were examined 
all showed a spent condition, while fishes taken 
in January and February were ripe. 


The nests were found located in a variety of 
cavities. The bottom of Pelican Bay presents 
a choice selection of cavities of many sorts, for 
most part of natural origin. Nests studied in 
1941 showed the following selections of locations: 


Old conch shells... 2 nests 

Yellow sponge cavities . . 2 nests 

Large tin can (lard container) 2 nests 

Large clam shell (Venus) ... 1 nest 


Tin cans and similar human trash is very rare 
in this region, but it will be noted that neverthe¬ 
less two fishes selected such sites. Incidentally 
it was a single can, one nest inside and one out¬ 
side. The other three types of items are apparent¬ 
ly the most common objects presenting suitable 
cavities in the area and doubtless represent the 
primordial nesting cavities of this species. 
Opsanus tau in the vicinity of New York City 
nests almostly exclusively in cavities presented 
by human artifacts but here such places are 
common while large shells and other suitable 
natural cavities are comparatively rare. 


Size of Eggs. 

The large eggs are almost indistinguishable in 
general appearance from those of Opsanus tau, 
as might be expected. IVelve such eggs care¬ 
fully measured showed the following diameters 
and numbers: 


Diameter in mm. Number of eggs 


3.9 3 

4.0 2 

4.1 5 

4.2 0 

4.3 1 

4.4 1 

Mean Diameter 4.1 

Maximum 4.4 

Minimum 3.9 


As there frequently is distortion of the eggs 
due to the pressure of adjacent ones, care was 
exercised in making the above measurements to 
include only eggs which could be seen to be 
perfectly spherical except for their point of at¬ 
tachment. According to Gudger (1910) the eggs 
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of Opsanus tau average 5 mm. in diameter, 
making them nearly a full millimeter larger than 
those of Opsanus beta. 

Pabental Behavior. 

While Opsanus tau is reported by Gudger 
(1910) to show some parental instinct in both 
sexes, only males liave been noted with eggs in 
Opmnus beta . But then, the present author has 
seen only males with eggs in the former species. 
In order to obtain better understanding than 
could be had in the field on the attitude of these 
fishes toward their eggs, some were established 
in laboratory aquaria. Details of two of the 
most interesting are given Mow. 

A nest in a large conch shell, Busyeon perversum 
(Linnaeus), was obtained on March 9 and main¬ 
tained in an aquarium until March 22 in standing 
but frequently changed water. The attendant 
male measured 130 mm. in standard length and 
represents a fair average size for the species in 
this region. As set up in the aquarium it is 
shown in a typical pose in Plate I, Figure 1. 
Usually the tail of the fish was thrust into the 
spiral whorl of the shell and when frightened it 
could back further into it until nearly out of 
sight, but when disturbed it was more apt to 
attack than to retire. While in the posture shown 
the right pectoral fin would l>e fanned back and 
forth over the eggs with greater or less vigor. 
When the fin was agitated rapidly even large 
particles of foreign matter would be moved from 
the eggs. 

At intervals of a half hour or so the fish would 
usually shift its position to the other side of the 
opening and use the left pectoral for a while, as 
shown in Plate I, Figure 2. This position was not 
used nearly as much as the former. Incidentally 
the diagnostic pattern on the pectorals of this 
species may be clearly seen in these two photo¬ 
graphs. The eggs formed a uniform single layer 
in the shell cavity and, as may be seen in the first 
photograph, reached far back into the shell. 
The spawning activity would seem to have taken 
place with considerable flurry for as may be seen, 
especially in the second photograph, two eggs 
are attached to the “roof'' of the cavity. The 
shell is not in the position in which it was origi¬ 
nally found, having formerly rested on the upper 
forward part. This may be noted by the lack of 
living growth of invertebrates and whitish color 
of -the part on which it originally rested. In this 
position there could have been only a small 
crack between the lip of the shell and the sea 
floor. Presumably the nesting fish had excavated 
a passage for itself between the shell and the 
sand. Thus, the incubating fish, on transfer to 
the aquarium, was forced to adjust itself to the 
new position in which it found the eggs. Origi¬ 
nally it must have done its incubating in a nearly 
inverted position. Actually most, but not all, 
of the nests of tliis apecies and of Opmnus tau 
seen by the writer have the eggs on the under 
surface of some protecting object. Consequently 
the two stray eggs must have fallen to their 
present position rather than have been knocked 


upwards. Spawning in an inverted position with 
such large, heavy eggs, it is rather strange that 
more do not fall to the bottom, and it may be 
that the violence of the parents’ activity serve to 
keep them knocked about and upwards until 
they adhere to a solid surface. 

The activity in this nest was greatest at night 
and the relatively great amount of light in the 
aquarium seemed to discourage incubating. 
Darkening the aquarium would usually induce a 
resumption of activity. On the second day the 
fish had excavated a place for itself under the 
shell in which it spent most of the time, coming 
out at intervals to fan the eggs. At times it 
would fan a pectoral in its retreat cavity similar 
to that activity over the eggs. It is not clear 
whether this was due to a confusion and the 
activity was merely instinctive to a brooding fish 
or whether they may sometimes normally 
circulate water about themselves for other than 
brooding reasons. At least, other non-brooding 
specimens have not l>een noted to behave in this 
manner. All food was refused by the fish during 
this period of observation, although a variety of 
living fishes and small crabs were present in the 
aquarium. Due to a cold snap in which the 
temperature in the laboratory aquaria dropped 
to 69° F, all the eggs of this and other species 
died. The fish continued as More to incubate 
them spasmodically and only when they had 
turned black and began to foul the water from 
decomposition was the matter terminated. 

The eggs of two nests found on a large tin can 
were taken without the attendant parents and 
carried on in the laboratory without parental 
attention. The parts of the can to which they 
were attached were cut out. The only attention 
these eggs received was an occasional shaking to 
remove the settling sediment as noticed. They 
seemed to be developing as well as those with a 
parent and, like those, were lost due to low 
temperature. 

Another nest with an attendant parent was 
found in the cavity under a living siwmge, 
Verongia fistularis (Pallas), on March 19, 1941. 
The parent here was muen smaller, 95 mm. in 
standard length. The eggs were on the roof of 
the cavity and when transferred to an aquarium 
the sponge was only tipped slightly so that the 
fish might be seen in as near its normal position 
as possible. Plate II, Figure 3, shows this with 
the fish in its inverted position. The activity of 
the fish was about like that of the former, but the 
nest could not be retained as long because of the 
death of the sponge and subsequent fouling of the 
aquarium. This nest in an inverted position is 
shown in Plate II, Figure 4. The eggs, new and 
still clear and nearly the color of the yellow 
sponge, may be seen clinging to the irregular 
cavity mostly as highlights reflect from their 
upper surfaces. This was a very small clutch of 
eggs, as were many of those found. None were 
taken with evidences of more than one laying nor 
were the quantities such as to demand the prod¬ 
ucts of more than one female. Gudger (1910) 
found both too many eggs for one female and 
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eggs in several stages of development in his 
study of Opsanus tau on the North Carolina 
coast. 

Discussion. 

It is evident from the preceding data and the 
work of others on the more northern species that 
there is at least as much similarity between the 
spawning activities of these two fishes as there is 
between their physical attributes. The differ¬ 
ences noted would seem to lie incidental and 
due to environmental circumstances rather than 
si>ecific attributes. For example, the finding of 
an apparently monogamous habit as compared 
with a polygamous one would seem to be referable 
to conditions of the bottom, numlier of available 
nesting sites and the consequent chances of 
success on the part of the males in their efforts. 
In this region suitable nesting cavities are 
ubiquitous and there is presumably less competi¬ 
tion, crowding and resulting fighting for them 
than in localities where the competition is keen 
and a larger percentage of fish are doomed to be 
unsuccessful bachelors 

The smaller egg size seems to be a real and 
significant difference but the other details are in 
substantial agreement, even to the temperature 
of the water at which reproduction takes place. 
One noteworthy element in this connection is 
that in the northern form reproduction takes 
place when the water readies its approximate 
maximum temperature whereas in the southern 
form reproduction takes place when it reaches its 
approximate minimum. The eggs incidentally 
are incubated close to their lower threshold of 
temperature, although the adults survive much 
lower temperatures. While the temperatures 
given by Parr (1935) for the Atlantic coast are 
not directly referable to the distinctly hetero- 
eurythermal conditions under whicli Opsanus 
lives, his temperature trends of surface waters 
bear out this as a general condition. Bigelow & 
Welsh (1925) give June and early July as the 
spawning season in Massachusetts, during whicli 
time the surface temperature is between 60° and 
70° F. 

Nichols & Breder (1926) record 07° as a spawn¬ 
ing temperature and give Juno and July as the 
spawning months in the vicinity of New York 
City. Hildebrand & Schroeder (1928) found 
females in a rijie condition from April to October 
in Chesajieake Bay. Those taken in the later 
months would almost surely be expected to 
carry over to the next spring. In connection 
with dates north and south of this region, June, 
July and perhaps August would seem to be the 
months in which actually to expect nesting to 
take place in this region. Gudger (1910) found 
nests during these three months at Beaufort, 
North Carolina, during which time the tempera¬ 
tures reached as high as 81°. It thus appears that 
these fish spawn for the most part in water in the 
middle and high sixties extending, where the 
temperature rise is rapid, into the seventies or 
even the low eighties. 

Goode (1884) quotes Silas Steams as giving 


April and May as the spawning time in the Gulf 
of Mexico. These observations presumably were 
made at Pensacola. It is not clear whether what 
we here understand as 0 . beta is referred to or 
whether the fish were 0. pardus Goode & Bean. 
In either case the cooler water about Pensacola as 
compared to the shallow and easily wanned 
Charlotte Harbor might well account for the 
difference in time. 

Small specimens are not especially abundant 
in the winter but one measuring 33 mm. in stand¬ 
ard length was taken on March 20, 1941. It 
would seem to be a stunted specimen from the 
year previous rather than a precocious individual 
of the current season. Sjiecimens down to about 
60 mm. are not uncommon and seem to be refer¬ 
able to the previous spawning period. Above 
approximately 90 mm. they are all sexually ma¬ 
ture. Since the spawning season is evidently quite 
short it is inferred that this spread in sizes and 
lack of distinct year classes is referable to the 
large variety of environments and fluctuating 
temperatures in which they are found. Both 
very local vagaries in temperature and available 
food could make for large differences in the 
growth rates. 

Summary. 

1. Opsanus beta spawns on the Florida west 
coast in February and March in a water tempera¬ 
ture of about 67° F. 

2. Nesting sites are similar to those of Opsanus 
tau f as are the chief features of its reproductive 
habits. 

3. The eggs average 4.1 — mm. in diameter and 
are found in clutches, guarded by a male, which 
are apparently the product of a single female. 

4. Both species spawn under about the same 
temperature although in the north this is approx¬ 
imately the highest temperature reached and in 
the south the lowest, making the two species 
respectively summer and winter spawners. 
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EXPLANATION OF THE PLATES. 


Plate I. 

Fig. 1. Brooding male aerating its eggs with one 
pectoral. This was the most generally used 
position of this specimen. 

Fig. 2. Alternate position of the above fish employ¬ 
ing the other pectoral. This position was 
much less frequent. 


Plate II. 

Fig. 3. Brooding male with its eggs in a sponge 
cavity, showing the inverted position. 

Fig. 4. Detail of above nest, showing eggs attached 
to under surface of sponge. 
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On the Reproductive Behavior of the Sponge Blenny 
Paraclinus marmoratus (Steindachner). 

Charles M. Breder, Jr. 

New York Aquarium 
(Plates I-III; Text-figure 1). 


Introduction. 

Studies on the life history and development of 
the sponge blenny, Paraclinm marmoratus 
(Steindachner), Breder (1939), have been fol¬ 
lowed in March, 1941, by studies on reproductive 
behavior. The material was obtained from the 
same locality, Pelican Bay, and the work carried 
on at the research station of the New York 
Aquarium, located at Palmetto Key, Florida. 
Again, Mr. M. B. Bishop of the Peabody Mu¬ 
seum, Yale University, was of aid in the collecting 
activities. 

Location of Nests. 

During the winter of 1939-1940 a heavy freeze 
in this area, coupled with the presence of a large 
amount of cold water, caused a heavy mortality 
in the local fish population. It evidently changed 
the nature of the bottom invertebrate fauna to a 
considerable extent and Paraclinus was not as 
numerous as the year preceding the freeze. 
The observations were made a month later than 
those on which the first paper was based. Never¬ 
theless, due to annual variations, the mean water 
temperature for March was lower, 67° as against 
70° for February, 1939. It was first thought 
that the height of the spawning season had 
passed, although this was subsequently found to 
be untrue. Actually, most of the local population 
of Paraclinus was to be found along the northwest 
shore of Palmetto Key in beds of eel grass and 
in a ripe or nearly ripe state. It may be that they 
were just moving into Pelican Bay because of a 
thermal delay or that they had changed their 
center of abundance to some extent. In any 
event, nests were found only in Pelican Bay and 
were only two in number. One was built in a bed 
of filamentous algae, a new site for such nests, 
and the other in a cavity at the base of a sponge, 
Verongia fistvlaris (Pallas), of the type with 
which these fish are often associated. In this case 
the male was obtained with the nest of eggs. 
All were transferred intact to an aquarium. The 


observations of behavior are based on the activity 
of this fish and three females placed in the same 
aquarium. 

Parental Care. 

As soon as the nest under discussion was placed 
in an aquarium, the male took up a position 
immediately under the eggs, as shown in PI. I, 
Fig. 1. Almost at once he started working over 
the eggs. Every so often he would take a small 
part of the cluster in his mouth and pull on it. 
He was first thought to be eating the eggs, but it 
was soon seen to be some sort of fluffing process 
which loosened the entire mass. Alternating with 
this process the male would nestle under the eggs 
and violently agitate the cluster with one pec¬ 
toral fin, then slightly rolling over would agitate 
the mass from the other side with the other pec¬ 
toral fin, and occasionally would use both at 
once. This action was very violent, the fish brac¬ 
ing itself solidly with its ventral fins and the 
expanded tail during these movements. The 
action is as violent on the stringy mass of eggs 
as that undertaken by an Ameiurus on its eggs. 
Apparently vigorous agitation is necessary for 
the development of such agglutinated eggs. At 
least, it is difficult to hatch either in standing 
water. 

The attending fish was extremely busy, 
twisting, turning and occasionally coiling itself 
around the eggs and poking at them with its 
mouth from all possible angles. 

At times the fish would back out of the nest 
and take hold of the edge of the egg mass and 
pull it out while energetically shaking it. This is 
shown in PI. I, Fig. 2. All these acts seem to 
insure aeration to the most centrally located 
eggs. Less frequently it would back well out of 
the nest area and pull on the egg mass until the 
entangling fibers were drawn out into long 
threads as shown in PI. II, Fig. 3. When the eggs 
were released these fibers would spring back and 
return the attached eggs to approximately their 
former positions. 
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This type of activity continued for the dura¬ 
tion of the observations. 

Spawning. 

On this same day, March 13, three females 
were added to the aquarium. As soon as they 
became composed they began to explore their 
surroundings. The largest, with her abdomen 
bulging, approached the nest and its guarding 
male. Although the male was quite dark, mostly 
brownish, on sighting the approaching female he 
put on an intense purple coloration which was 
nearly black and dotted with brilliant metallic 
blue. Contrasted to this, the female was very 
light, almost white, with tan markings. After 
some hesitancy and a few false starts, she entered 
the nest without much ceremony while the male 
vibrated his body briskly. He came half out of 
the nest hole and she, twisting to an inverted 
position, slipped in beside him as shown in 
PI. II, Fig. 4. In this figure her body is mostly 
hidden by his but the tail and after part may be 
seen in the lower left hand corner. 

A moment later she had slipped further into 
the nest and he backed in with her, the female 
retaining her inverted position while the male 
remained upright. The light but characteristic 
markings of the female are well shown in PI. Ill, 
Fig 5, which is a photograph of the actual 
spawning operation A single egg, attached by 
its thread, which had become displaced, may be 
seen just above the female's anal fin and below 
the tip of the male’s jaw. At such times the ladies 
of both fish would vibrate violently. The pair 
seemed to have spawned several times before the 
female withdrew from the nest in a much deflated 
condition. Due to the confined quarters of the 
small nest hole, further details of the spawning 
were not discernible. In any event, it is certain 
that a close approximation of the genital pores 
is not necessary in these fish. No genital papilla 
could be detected. The opinion expressed by 
Breder (1939) in regard to males spawning with 
a succession of females was confirmed upon 
further examination of the nest. This examina¬ 
tion showed the well developed eggs in various 
stages with which the male was originally found, 
together with new eggs, fertilized in the aquarium. 

This same iemale. about an hour later, entered 
the nest again and tne spawning act was repeated 
with identical detail. While this was going on, a 
second female approached the nest. After the 


first female had left the nest, the second, which 
was very similar to the first in coloration but 
slightly smaller and not quite so heavy, at¬ 
tempted to enter. However, instead of being 
greeted by a vibrating male, she was greeted with 
an open mouth and a threatening attitude. On 
this rebuff she backed off. On a second attempt 
she was more insistent and disregarded his 
threatening attitude. This resulted in the male’s 
biting at her and she then gave up any further 
attempts. 

Since the male took his threatening attitude 
when only her head was visible to him, it is 
thought that he was at least temporarily ex¬ 
hausted and resented the approach of any other 
fish bent on spawning or egg stealing. The 
threatening attitude and the approach of the 
second female is shown in PI. Ill, Fig. 6. 

These observations were made in the late 
afternoon and by dusk he had lost his deep 
purple and had taken on a lighter color, espe¬ 
cially on the sides of the body. 

There were no further attempts at spawning, 
but the male continued to tend the eggs, with 
some interruption, until decomposition of the 
sponge, which had died, forced a conclusion to 
the observations. 

Developmental Notes. 

The eggs from the nest in filamentous algae 
were incubated with some difficulty The larvae, 
however, were carried on to a stage a little beyond 
those mentioned in the earlier paper It was 
noted that the oil globule in the yolk shrank 
rapidly and l>efore a day of life after hatching the 
larvae sought the bottom of their dish and were 
negatively phototropic It would seem from this 
that their life as planktonic elements must be 
exceedingly short and may in fact never lie fully 
realized in a state of nature 

Text-fig. 1 shows a lateral view of such a 
larva, March 14, less than 24 hours from the 
hour of hatching. A sudden drop in temperature 
carried the water in the laboratory to 00° F. 
followed by death of all eggs and larvae. 

Diboitbston 

The literature on the reproductive habits of 
the blennies is scant but evidently Paraclmus is 
fairly typical in its reproductive behavior. 

The spawning of Clinm argenial us Cuvier & 



Text-figure 1. 

Larva less than 24 hours old. At this time they seek the bottom and are negatively phototropic. 
Bee Breder (1939) for earlier stages and eggs. 
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Valenciennes is described bv Guitel (1892 and 
1893a) as taking place with the female in an 
inverted position. Apparently the original nest 
Bite is selected by the female, an item of behavior 
the present observations did not cover, but as in 
Paraclinus the guarding males will receive the 
product of several females. Although GuiteFs 
description differs in detail, the general perform¬ 
ance must be very similar. It would seem likely 
that the differences noted are merely incidental, 
and due chiefly to those associated with environ¬ 
mental differences, number of fishes present, et 
cetera. The described color changes, so far as 
they go, must also be closely similar. 

Blennius montagui Fleming spawns with both 
fish in an inverted position according to Guitel 
(1893a and b). It would seem probable that 
whether only the female or both fish turn over 
may be incidental and subject to considerable 
individual variation. Blennius sphynx Cuvier & 
Valenciennes, according to the same author, 
behaves in an essentially similar manner. 

Heterostichvs rostratus Girard has thread- 
tearing eggs but according to Barnhart (1932) 
the habits must te rather different from the 
preceding forms. 

The above four secies all have eggs provided 
with adhesive filaments. Among those forms 
with eggs that are merely adhesive, the data in 
the literature is not sufficiently detailed to 
warrant a close comparison. 

Of the various types of fishes which produce 
eggs with adhesive filaments, generally attached 
to the underside of some object, the present case 
seems to te the first notice of a fluffing process 
employed by the attendant male. The nature of 
the fibrous tangle in which the eggs are found 
makes such a process possible. In such forms as 
MonocirrhU'8 polyacanthus in which each egg 
hangs separately by a single thread, no such 
behavior was noted by Coates (1933). In others, 
such as some of the Kxocoetidae, Belonidae, 
Oyprinodontidae and Atherinidae, there is no 
parental care accompanying the production of 
thread-bearing eggs. 


Summary. 

1. The male Paraclinus marmoratus guards 
and tends its eggs, a prominent feature of the 
care being that at intervals the tanked clump of 
thread-bearing eggs is pulled open and fluffed. 

2. Wandering females are received by the 
male, adding their eggs to those already present 
and spawning in an inverted position while the 
male remains upright. 

3. The nesting male on exhaustion will repulse 
additional females with the typical warning 
attitude or eventual biting. 

4. The larvae, which float on hatching, seek 
the bottom within a day and are thus a plank¬ 
tonic element for only a very brief time. 

Bibliography. 

Barnhart, P. S. 

1932. Notes on the habits, eggs and young of 
some fishes of southern California. Bull. 
Scripps Instit. Ocianography 3 (4): 87-99. 

Breder, C. M., Jr. 

1939. On the life history and development of the 
Sponge Blenny, Paraclinus marmoratus 
(Steindachner). Zoologies 24 (31): 487- 
496. 

Coates, C. W. 

1933. Behavior of a pair of leaf-fish, Monocirrhus 
polyacanthus Heokel. Bull. N . Y. Zool. 
Soc. 36 (3): 68-71. 

Guitel, F. 

1892. Sur les moeurs du Chnus argentatus Cuv. 
et Val. Comp. Rend. Acad, tin. Pans 115: 
295-298“ Bull. Soc. Centr. Aquicult. 
France 4: 165-167. 

1893a. Observations sur les moeurs do trois 
blenniides, Chnus argent at us, Bknmus 
montaaiu et Blennius sphynx. Arch. 
Zool. Exptr. Gen. 3 ser. 1: 325-384. 

1893b. Sur les moeurs du Blennius sphynx Cuv. 
et Val. et du Blennius montagui Fleming. 
Comp. Rend. Acad. Sci. Pans 116: 289- 
291— Bull. Soc. Centr. Aquicult. France 5: 
13-16. 



236 


Zoological New York Zoological Society 


[XXVI: 22 


Plate I. 

Fig. 1. Male Paradinm marmoratus standing guard 
under its eggs in a basal cavity of a sponge, 
Verongia fistidaris. This photograpn and 
those following arc all of one male, snowing 
various activities incident to reproduction. 

Fig, 2. The male tugging at the thread-bearing egg 
mass. This activity apparently insures 
aeration of the entire cluster. 

Plate II. 

Fig. 3, Sometimes long strands would be pulled far 
out, as here shown. A moment after this 
photograph was taken the fish relinquished 
its hold and the resilient threads snapped 
back into place. 


A female entering the nest. She is in an 
inverted position, her tail showing in the 
lower left hand corner, while the male, who 
has half left the nest with fins wide spread, 
hides her anterior parts. 

Plate III. 

Fig. 5, The actual spawning process. Note that the 
female is in a very hgnt color phase and the 
male very dark. A single dislodged egg may 
be seen above the anal fin of the female and 
below the tip of the male's jaw. 

Fig. 6. Another female approaches immediately 
after the preceding spawning and is greeted 
by the typical threatening attitude. 


EXPLANATION OF THE PLATES. 
Fig. 4, 
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The Chromatophores of Fundulus heteroelitus 
in Polarized Light. 


A. M. Shanes 

Dej>artment of Physiology 
College of Dentistry, New York University 

Ross F. Nigkelli 
New York Aquarium . 

(Plates I-1II). 


ImnoDucTioN. 

It bas been shown by several investigators that 
certain tissues and many cyte logical structures 
having a high degree* of organization will show 
the phenomenon of birefringence (see Schmitt, 
1940, and Fischer, 1941). The possibility that 
chromatophores may be a modified form of 
muscle as indicated by Spaeth (1916) suggested 
the use of polarized light for this study. By this 
means we have found doubly refracting material 
to be definitely associated with pigment cells on 
the scales of Fundulus heteroelitus. Our observa¬ 
tions on this phenomenon are the subject of this 
paper. 

Procedure. 

The instrument employed was a Bausch and 
Lomb microscope fitted with apochromatic 
lenses. To this the Nichols prisms from a polari- 
meter were added. The polarizer was mounted 
below the substage and the analyzer above a high 
[K)int ocular. The illumination was provided by a 
100 watt G. E. projection lamp giving an intense 
point source of light. Birefringence was detected 
in the usual manner, that is, by the brilliance of 
the material when the prisms are set with their 
planes of polarization at right angles, in which 
condition the rest of the field is dark. The 
intensity of the light from tho birefringent 
material was taken as an indication of the degree 
of double refraction. 

All observations were made on the pigment 
cells of scales taken from the dorsal ana dorso¬ 
lateral surface of F. heteroelitus. The scales were 
mounted as hanging drop preparations or on 
ordinary flat slides with coverslips; the latter 
method permitted the introduction of different 


solutions as well as the study of the effect of 
pressure while the objects were still in focus. 

Observations. 

The appearance of chromatophores of a scale 
under low power in polarized light is shown in 
Plate I. The widespread distribution of doubly 
refracting material is at once apparent. Plate 
II shows two birefringent bodies highly magni¬ 
fied; the one in sharp focus clearly reveals 
delicate strands coming off the processes. In 
Plate III the same area as II is shown in ordinary 
transmitted light; here the birefringent masses 
can be seen faintly. 

Examination of these objects with reflected 
light reveals them to be the guanophores de¬ 
scribed by Odiorae (1933). Our observations 
indicate that some of the centrally located 
iridocytes of the “melaniridosomes” described 
by Foster (1933, 1937) and shown in a photo¬ 
graph by Odiome (1933) are the same doubly 
refracting material described in this paper in a 
highly birefringent state. We have found, too, 
that the doubly refracting substance shows a 
distinct relationship among melanophores and 
between xanthophores and melanophores as 
well. For example, under proper conditions 
each melanophore on a scale, whether dispersed 
or condensed, reveals birefringent material which 
sends out strands interconnecting with the bire¬ 
fringent material of other melanophores as well 
as with similar material associated with xantho¬ 
phores. By careful focusing under oil, the xan¬ 
thophores definitely are seen to lie within the 
substance showing birefringence: the same may 
be true for the melanophores although similar 
observations are prevented by the dense melanin 
granules. 
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From the start of our studios on birefringence 
it became obvious that this property could vary 
from zero to a certain maximum. Thus, scales, 
isolated from a fish kept in a refrigerator for 
several days, showed little or no sign of this 
condition when first observed under the micro¬ 
scope; within a few moments a decided network 
became apparent, many of its strands arising 
from the tips of the larger birefringent processes 
in the manner shown in Plate II. Closer observa¬ 
tion revealed that the “contracted” melano¬ 
phores were slowly “expanding” and that at 
least some of their processes containing the 
melanin were directed along the birefringent 
strands. Both the melanin processes and the bi¬ 
refringent strands in these cases were at the 
same focal level as well as similarly oriented, 
and no sharp line of demarcation was apparent 
l>etween them. This relationship was further 
confirmed when pressure on the coverslip pro¬ 
duced a succession of waves which arose at the 
base of a process containing melanin and con¬ 
tinued outward along a birefringent strand. The 
transmission of these waves indicated two things 
more: (1) The birefringent and melanophore 
processes can have a certain rigidity and flexi¬ 
bility of structure and possibly a certain degree 
of contractility; (2) the branching network is not 
an illusion, for these waves can be seen to pass 
on to the rest of the birefringent network. The 
elastic return of displaced melanin granules ob¬ 
served by Behre (1935) confirms the first con¬ 
clusion. 

It was soon noticed that the magnitude of the 
birefringence could be intermediate to the 
extremes which were first observed. In this 
intermediate state the birefringent material 
showed a decided Brownian movement. Spon¬ 
taneous changes in the degree of birefringence 
could also be seen. By watching granules ob¬ 
viously fixed in the surface of a birefringent 
process showing Brownian movement, it could 
be seen that their relative positions were unal¬ 
tered even at the tip while this process was 
retracted. This would suggest a movement more 
to be expected of muscle fibers than of pseudo¬ 
podia. The rigidity of this surface was also 
revealed when pressure of the coverslip caused a 
small, highly birefringent mass to move through 
one of the birefringent processes as though 
through a channel; this mass was followed by a 
cluster of melanin granules, which further indi¬ 
cates the close association of metanophores and 
these doubly refracting bodies. 

It has been possible to watch other individual 
particles from birefringent strands which, like 
melanin granules, may apparently be left behind 
as the doubly refracting processes retract. 
These particles themselves are birefringent and 
appear to rotate, for this birefringence alter¬ 
nately appears and disappears with great 
regularity. Evenkuflly, this apparent rotation 
ceases. Such behavior was demonstrated when 
an unusually thick connecting strand with 
Brownian movement gradually became thin 
midway until nothing but a fine thread with 


these twinkling granules was evident; this thread 
soon disappeared from sight but the granules 
remained visible. The implication would be 
that such connecting strands may be present 
though undetectable even in polarized light. 

The effects of adrenalin chloride (1 :1000 and 
1 : 2000 in sea water diluted to 0.1 normal) and 
5% ether were examined. The former led to the 
disappearance of Brownian movement in the 
birefringent- masses and to an increase in the 
intensity of birefringence, while the latter re¬ 
duced the birefringence to the point of extinction, 
often without the return of Brownian movement. 
Both produced their effects in a matter of 
minutes. The action of ether could not be re¬ 
versed with adrenalin. Ninety-five per cent 
alcohol does not cause the disappearance of bire¬ 
fringence intensified by adrenalin, although 
the less intense birefringence associated with 
Brownian movement may disappear. Tenth 
normal KOI, like adrenalin, leads to increased 
birefringence accompanied by the usual disap¬ 
pearance ot Brownian movement. Return to 
tenth normal sea water reverses this. The action 
of these substances parallels their effect on 
melanophores; KC1 and adrenalin cause the 
“contraction” of melanophores accompanied by 
a decrease in Brownian movement, (Spaeth, 1916) 
and 5% ether has the opposite effect (Wyman, 
1924). 

According to Odiorne (1933), when melano¬ 
phores are “expanded” the guanophores are 
“contracted” and invisible. However, we have 
found that animals kept continuously on a dark 
background show a relative increase in the 
amount of birefringent material associated with 
the melanophores. This suggests a similarity of 
behavior in both melanophores and “guano¬ 
phores.” The identity of the effects of adrenalin 
and KC1 with reference to Brownian movement 
in both structures further corroborates this con¬ 
clusion. 

Discussion. 

The presence of the birefringent material, its 
relationship to the chromatophores, and its be¬ 
havior strongly suggest that tliis doubly re¬ 
fracting material is an integral part of chromato¬ 
phores, at least for the melanophores and xantho- 
phores on the scales of Fundiaus hetcroditus . 

Apparently we are dealing with a material 
which can exist in various states of solvation and 
molecular orientation. Complete lack of bire¬ 
fringence indicates a minimum of organization 
and a maximum of solvation while strong bire¬ 
fringence argues for a minimum of solvation and 
a maximum of orientation. Such changes are 
now well-known for chromosomes (Schmitt, 
1940). Similar changes are attributed to muscle 
(Fischer, 1941). 

The failure of birefringence to disappear in 
concentrated alcohol decreases the likelihood that 
lipoids are involved and strengthens the possi¬ 
bility that the molecules concerned are proteins 
as in muscle. It might be argued that orientation 
of the contained birefringent particles (believed by 



239 


1941] Shanes & Nigretti: Chromaiophores of Fund ulus heteroclitus 


Odiorne to be guanin) is concerned in the changes 
of birefringence. However, it is difficult to see 
how one could completely assign the present 
observations to changes in the orientation of 
these granules, especially in view of the complete 
disappearance of birefringence in 5% ether al¬ 
though the granules remain visible and in view of 
the ease with which the particles can be dis¬ 
tinguished within the surface of the doubly 
refracting processes. Certainly the crystallizing 
out of guanin is not involved since in the strongly 
birefringent state no sign of the structure typical 
of guanin crystals is apparent. 

If the movements of the pigment and other 
granules are associated with the changes in bire¬ 
fringence, as our observations tend to indicate, 
tho following interpretation is possible. The 
various constituents of the chromatophores, such 
as xanthin and melanin, can form part of the 
structural pattern of the chromatophores. The 
degree of development of the pattern itself is 
governed by the metabolic state of the proto¬ 
plasm; such substances as adrenalin, KCI, ether, 
etc., would lead to changes in the organization 
by affecting the metabolic processes. Melanin 
and xanthin, if associated with phosphate, 
carboxyl, amine, or hvdroxyl groups by being 
part of certain complexes, would be able to 
combine reversibly with similar groups of the 
protein pattern of chromatophores. Reversible 
combinations of this kind can account for the 
observed changes in the freedom of movement of 
these granules. As part of collapsing or expand¬ 
ing chains of molecules, the granules could 
participate in the changes which have been de¬ 
scribed as “contraction” and “expansion” of 
chromatophores. This concept is in accord with 
the elastic return of dispaced melanin granules 
observed by Behre (1935). 

Gilson (1926) suggested that fine sheaths, 
which determine the shape of expanded melano- 
phores, may extend into the tissue spaces. We 
have already pointed out that birefringent 
strands may appear and disappear without any 
evidence of movement of the particles within 
them, showing that a change in structure rather 
than a change associated with movement is 
involved. This would confirm Gilson's sugges¬ 
tion of preformed processes, but whether such 
processes are collapsed cylinders remains to be 
determined. 

We have noted that the interconnecting 
strands among the chromatophores may be 
present all of the time and merely come into 
view under certain conditions. But this does not 
eliminate the possibility that part of the network 
may be formed by the outgrowth and fusion of 
new processes. Such behavior would be con¬ 
sistent with that which has been described for 
vertebrate smooth muscle* “Even in the adult 
vertebrate it is believed that smooth muscle 
cells may be derived from undifferentiated 
mesenchyme cells in connective tissues. The 
myoblasts become more and more elongate with 
development and appear still connected laterally 
by cytoplasmic processes” (Soott & Kendall, 


1935). Furthermore, such outgrowth would pro¬ 
vide an explanation for the migration of pig¬ 
ment cells beyond the boundaries of grafts 
demonstrated by DuShane (1935). Possibly the 
peripheral changes of denervated caudal bands 
which Parker (1936) lias ascribed to “lipohu- 
mors” may also be accounted for in this way, 
especially since we have observed an increase in 
the extent and connections of birefringent ma¬ 
terial among chromatophores upon prolonged 
exposure to a dark background. 

The staining techniques which have been em¬ 
ployed to reveal the “nerves” running to chro¬ 
matophores may, at least in part, have actually 
shown the birefringent strands; by virtue of their 
structure, these strands might be expected to 
coagulate into coarser fibrils as in the case of 
nerve axoplasm. Smooth muscle cells are also 
connected to each other by a substance showing 
a reticulum of fine fibers by silver techniques 
(Scott & Kendall, 1935). 

Summary. 

1. Chromatophores on the scales of Fundulm 
heteroclitus, when examined in polarized light, are 
found to be intimately associated with a bire- 
fringent material. 

2. This birefringent material has processes 
which send out strands that interconnect the 
chromatophores. 

3. The intensity of birefringence of both proc¬ 
esses and strands varies according to the condi¬ 
tions to which the fish and isolated scales have 
been subjected. 

4. Changes in birefringence are accompanied 
by the apj>earance and disappearance of Browni¬ 
an movement; the latter is more pronounced 
when the magnitude of birefringence is inter¬ 
mediate to zero and a certain maximum. 

5. The strands of birefringent material apj>ear 
and disappear spontaneously without any ap¬ 
parent movement; in addition to such changes, 
the larger processes also show an ability to move. 

6. When visible, the birefringent strands may 
reveal a certain degree of rigidity ami even con¬ 
tractility. 

7. The movement of melanin granules in the 
melanophores appears to be intimately associated 
with this doubly refracting material. 

8. The action of adrenalin, ether, and KCI on 
the birefringent material is similar to that de¬ 
scribed by various investigators for the melano- 
phore itself. 
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EXPLANATION OF THE PLATES. 

Plate 1. 

Chromatophores from the scale of Fundulus 
hvUroclitus in polarized light. L. P. 

Plate II. 

Birefringent mass associated with melanophores. 
Note fine strands arising from the processes. H. P. 

Plate III. 

The same area as in Plate II in ordinary trans¬ 
mitted light. Note the faintly visible birefringent 
material. H. P. 
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New Races of Alaudidae and Timaliidae from Northern Thailand. 

H. G. Deignan . 1 


Three birds, known from northern Thailand 
for a number of years and assumed to belong to 
well known races, prove, upon comparison with 
the related forms, to require subspecific separa¬ 
tion. For the loan of specimens of races not 
represented in the collection of the U. S. National 
Museum, I am indebted to the authorities of the 
American Museum of Natural History. 

I. 

A form of Mirafra assamica is the sole member 
of its family yet recorded from northern Thai¬ 
land. Comparison of freshly moulted examples 
(autumn, early winter) has shown that, while 
they link assamica (Assam) and marionae 
(Central Thailand), they are strikingly different 
from each and should be given a name. 

The new race has the prevailing tone of the 
upperparts gray, as in assamica , not rufescent, as 
in marionae; the dark centers of the feathers of 
the upperparts large and well defined, as in 
marionae , not obsolescent, as in assamica. I pro¬ 
pose that it be called 

Mirafra assamica subsessor, subspecies nova, 
with the type an adult female, U. S. N. M. no. 
313450, collected at Chiengmai, North Thailand, 
1,000 feet, November 24, 1928, by H. M. Smith. 

All but one of the northern specimens of the 
lark come from the Chiengmai plain, where it is 
very common The exceptional example, a 
summer-taken bird from Ban Ale Mo (in the 
adjacent province of Lampang), is too worn for 
certain subspecific identification but probably 
belongs with subsessor. 

II. 

The population of Gamilax chinensis occurring 
throughout northern Thailand belong to a race 
connecting chinensis (Kwangtung) with pro - 
pinquus (Tenasserim). 

This form has the mantle much more oliva¬ 
ceous than in propinquus and slightly more rufes¬ 
cent than in chinensis; the gray of the pileum cut 
off at the lower nape and clearly defined from 
the olivaceous mantle, as in propinquus . In 
brief, it may be described as chinensis with the 
pileum of propinquus , For it, I propose the name 

»Published with permission of the Secretary of the 
Smithsonian Institution. 


Garrulax chinensis lochmius , subspecies nova, 

with the type an adult male, U. S. N. M. no. 
336663, collected at Chiengsen Kao, North 
Thailand, January 15, 1937, by H. G. Deignan. 

Of lochmius, I have sixteen specimens from 
the provinces of Me Hong Son, Chiengmai, 
Chiengrai, and Nan. Probably may be placed 
here also Salvadori's example from Yado, 
Karenni, which “somiglia pill ad un esemplare di 
Hong-Kong e forse appartiene ad una forma 
distinta, intermedia fra la cinese e quella del 
Tenasserim” (Ann. Mus. Civ. St. Nat. Genova , 
ser. 3, vol. 6, 1914, p. 6). 

III. 

A representative of Pomatorhinus erythrogenys, 
recorded in Thailand only from Doi Chiengdao, 
between 4,500 and 6,800 feet, has proved to be, 
not imberbis (Karenni), as hitherto believed, but 
a quite different race, which may be known as 

Pomatorhinus erythrogenys celatus, 

subspecies nova, 

with the type an adult male, U. S. N. M. no. 
336873, collected on Doi Chiengdao, North 
Thailand, March 20, 1937, by H. G. Deignan. 

From imberbis it is readily distinguished by 
having the frontal feathers, sides of throat, neck, 
breast, and belly, the ffanks, thighs, and under 
tail-coverts distinctly paler—orange-rufous, in¬ 
stead ol chestnut-rufous; the feathers ot the 
lores dark gray, not grayish-white. From 
erythrogenys , it differs in its smaller size, more 
vivid color along the sides of the body, and dark 
gray (not grayish-white) lores. 

According to Stuart Baker (Fauna Brit. 
India, Birds, 2nd ed,, vol. 1, 1922, pp. 220-222), 
all races of erythrogenys have the “iris light 
greenish white, yellowish white or pale bright 
yellow; legs and feet fleshy or fleshy-brown; 
bill yellowish-homy.” The male of celatus has 
the irides red; the orbital skin pluml>eous; the 
bill gray, with basal lialf dark slate; the feet, 
toes, ana claws homy-brown. 

With the new form I place skins from Kalaw 
and Taunggyi, in the Southern Shan States. 
Imberbis will, perhaps, like Pomatorhmus sch. 
nuchalis (a similarly saturate race), prove to be 
restricted to the Karen Hills. 
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Respiratory Behavior in Fishes Not Especially Modified for 
Breathing Air Under Conditions of Depleted Oxygen. 

Chables M. Breder, Jr. 

New York Aquarium. 

(Plate I). 


Among fishes living in environments wliich are 
usually or periodically depleted of dissolved 
oxygen arc many with specialized respiratory 
accessories which permit them to make use of 
atmospheric oxygen direct or indirectly. Fishes 
without equipment capable of coping with situa¬ 
tions of depleted oxygen must perish when con¬ 
fronted with them unless escape is possible. 
When simple escape by flight is impossible, at 
least certain of such fishes will make attempts 
to seek out. methods of survival which are 
certainly not part of the normal scheme of their 
activities. Two cases, indicative of such efforts 
at survival, seem to be rather suggestive of a 
point of approach to the whole problem of fish 
behavior in adjusting to changing environmental 
conditions. 

One case involved a large female Lcbistes 
reticulatus (Peters) in the laboratory of the New 
York Aquarium which was being used for some 
experimental work involving other matters but 
which incidentally concerned activities under 
restricted oxygen supply. In the course of this 
experiment small measured blocks were floated 
on the surface as a means of restricting gaseous 
interchange between the air and water. In the 
one referred to, the surface was nearly covered 
with these floats with one Lebistes in the water 
below. Following its natural response to rise to 
the surface and take advantage of the greater 
amount of oxygen near the surface film, which by 
virtue of peculiarly specialized mouths the Micro- 
cyprini are able to do efficiently, it found normal 
behavior under such conditions impossible be¬ 
cause of the crowded floating blocks. After some 
little effort it managed to wriggle up between 
two of the blocks and bear its weight on them in 
such a fashion that the blocks tilted and pre¬ 
sented a sloping surface. On this support it 
perched itself with only its tail immersed. Here 
it would rest for long periods of time, now and 
again submerging presumably because of the 
drying effects of the air. It looked very much like 
the normal performance of a Fenopthalmus. 
This is shown in Plate I, Fig. 1. Such behavior 
went on for six days until the experiment was 


discontinued. 1 One is forced to wonder about the 
origin of habits in fishes in which they volun¬ 
tarily leave the water, for certainly Lebistes does 
not come out of water under normal conditions. 

Some of the Microcyprini voluntarily leave 
the water even when there is no immediate 
suffocation, as anyone familiar with Rivulus 
can attest. These fish may be sometimes found 
flipping their way along in damp jungles, Breder 
(1927), or sometimes buried in the damp debris 
of the jungle floor. Their method of emergence 
and subsequent behavior is entirely different 
from that of Lebistes and apparently there is no 
connection between the two. 

The second case involves a species of bottom 
fish, Achirus lineaim (Linnaeus). One such 
specimen, 4G mm. standard length, kept in a 
small aquarium at the Florida Field l^aloratory 
of the New York Aquarium, was noticed per¬ 
forming in an unusual manner when, because of 
the death of some tank mates, the aquarium 
became foul. It would swim up to the surface 
and there flutter its long dorsal and anal in such 
a manner as to impel backwards the water above 
it, while in the meantime it would cup its body in 
such a fashion as to be fairly dish-shaped. By 
this action it cleared its upper concave surface 
of water and rested floating on the surface film 
by virtue of the water displaced. It is shown 
floating in this manner in Plate I, Fig. 2. This 
means of flotation was not entirely perfect, and 
it was forced intermittently to keep up the 
activity to prevent itself from sinking. By this 
performance, however, it apparently was able to 
take advantage of the greater concentration of 
oxygen at the surface in a manner similar to that 
of some of the Microcyprini with their flattened 
heads and upturned snouts. This fish finally 
succumbed after several days so it cannot be 
said whether its method was poor or merely 


* Physical data on experiment (Nov. 6. 1933) Temp. 
25.5° C.; Vol. H*0 1488cc ; Surfiwx area 3.5 O*; Free 
COi 0.44 mM, For this experiment a mason jar was used 
as an aquarium. In another experiment fish died at a 
concentration of 0.46 mM. OOj. 
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inadequate to the circumstances of this particular 
aquarium. 

The only reference that we have been able to 
find with a bearing on this item is in Beebe & 
Tee-Van (1928). They report that this species 
performed in the following manner in Port-au- 
Prince Bay, Haiti. “On several nights I caught 
young soles of this species, near the surface, at 
our submerged light. They swam slowly along 
and when at the surface elevated the encircling 
ring of vertical fins, and depressed the body, and 
in this cupped shape floated with no apparent 
movement of fins or body. The tips of all the 
rays could be seen breaking the surface film, but 
1 could see no difference in the level of the en¬ 
closed water and that outside. These specimens 
measured from 17.5 to 25 mm.” Their fish were 
only about half as large as the present and were 
certainly under no suffocating influence where 
taken. It is thus evident that there is a back¬ 
ground for this behavior in the activity of the 
smaller sizes. Apparently it is normally given 
up before the size of our specimen is reached. 
The present behavior then might l>e considered 
as a return to more juvenile activity on the 
incidence of adverse circumstances. 

At the Field laboratory many were kept under 
conditions far from ideal, but the present case is 
the only one which displayed this habit Al¬ 
though submerged night lights were used con¬ 
tinually they failed to attract this species. 
Most of our specimens were considerably larger 
than those of Beebe & Tee-Van. 


The two cases mentioned are the only examples 
known to the writer who, because of circum¬ 
stances, has had unusual opportunity both in the 
field and at home for a long period to note such 
items of behavior. How many Lebistcs have been 
handled in that time would oe hard to estimate 
but one item of behavior in this as well as related 
poeciliids stands out prominently. These fishes, 
when in pools with gently sloping edges, feed 
freely in very shallow water but are notably 
careful to avoid l>eing “stranded.” Consequently 
it must be assumed that the individual herewith 
discussed overcame tliis tendency in response 
to the greater pressure of suffocation. 

During this same period several hundred 
achirids of various species and under varying 
conditions have never shown any disposition to 
the floating habit herein described. 

Surely here is a waiting field of investigation 
in fish behavior, touching perhaps on the farthest 
reaches of the mental life of fishes. Such ques¬ 
tions arise as to how instinctive are such acts 
and how widespread in an individual species. 

References. 
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EXPLANATION OF THE PLATE. 

Plate I. 

Fig. 1. Lebtstes rctiadatus resting out of water 
after the manner of a Perioythalmm. 

Fig. 2. Achirus hneatus floating on the surface 
film of water depleted in oxygen. 
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26. 

Eastern Pacific Expeditions of the New York 
Zoological Society. XXVIII. 

Fishes from the Tropical Eastern Pacific. 

[From Cedros Island, Lower California, South to the Galapagos 
Islands and Northern Peru.] 

Part 3. Rays, Mantas and Chimaeras. 1 


William Beebe 

& 

John Tee-Van 


Department of Tropical Research, 
New York Zoological /Society . 


(Plates I-IV, Text-figs. 1-40). 


[This is the 28th of a series of papers dealing 
with the collections of the Eastern Pacific 
Expeditions of the New York Zoological Society 
made under the direction of Dr. William Beebe. 
The present paper is concerned with specimens 
taken on the Noma Expedition (1923), the 
Arcturus Oceanographic Expedition (1925), the 
Antares Expedition (1933), the Templeton 
Crocker Expedition (193(3), and the Eastern 
Pacific Zaca Expedition (1937-1938). For data 
on localities, dates, dredges, nets, etc., of the 
second, fourth and fifth of these expeditions, 
refer to Zoologica , Vol. VIII, No. 1: 1-45 (Arc- 
turns), Zoologica , Vol. XXII: 33-46 (Templeton 
Crocker), and Zoologica, Vol. XXIII: 278-298 
(Eastern Pacific Zaca).] 
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Superorder Platosomeae (rays, mantas) 

Order Narcobatea 
Suborder Narcobafcida 
Family Torpedinidae 


Nardne entemedor . . 
Narcine ommata .. . 
Nardne verrniculaia 
Discopyge ommata .. 
Discopyge tschudi . . 
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Order Batea 
Suborder Batida 
Superfamily Khinobatoidea 


Family Rhinobatidae 

Rhinobatus planiccps . 251 

Rhinobatus productus . 251 

Mhinobatus glaucostigma . 251 

Rhinobatus leucorhynchus . 252 

Zapteryx exasperatus . 252 

1 Contribution No. 030, Department of Tropical Re¬ 
search, New York Zoological Society. 

Part 1, Lancelots and Hag-fishes, was published in 
Zoologica , Vol. XXVI, pp. 89-92; Part 2, Sharks, in 
Zoologica , Vol. XXVI, pp. 93-122. 


Family Pristidae 

Pristis zephyreus . 

Pristis pcctfnalus . 

Superfamily Rajoidea 
Family Rajidae 

Raja aguia . 

Raja badia . 

Raja ecuadoriensis . 

Raja equatorialis . 

Raja inornata . 

Raja sp. A. 

Raja sp. B. 

Psammobatis scobina . 

Psammobatis bredcaudatus . 

Psammobatis lima . 

Psammobatis spinosissimus . 

Superfamily Dasybatoidea. 

Family Dasybatidae. 

Dasyatis brevis . 

Dasyatis longus . 

Dasyatis pad ficus . 

Gumnura marmorata . 

Urotrygon aspidurus . 

Urotrygon asterias . 

Urotrygon binghami . 

Urotrygon chilensis . 

Urotrygon goodd ... 

Urotrygon mundut . 

Urobatis concentricus . 

Urobatis halleri . 

Urobatis maculatus . 

Family Aetobatidae 

Aetobatus californicut . 

Aetobatus peruvianus . 

I*teromylaeus asperrimus . 

Sioasoaon narinari . 

Family Rhlnopteridae 

Rhinoptera steindachneri ... 

Family Mobulidae 

Mobula lucasana . 

Mania hamiUoni . 

Subclass Holocephali (chimaeras) 
Superorder Chismopneae 
Order Chimaerea 
Suborder Chlmaerida 
Superfamily Ghimaeroidea 
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Text-figure 1. 

Principal localities in the tropical eastern Pacific where collections were made by the Department 
of Tropical Research of the New York Zoological Society. 


family Khinochimaeridae 

IlarrioUa curtiss-jamusi .278 

Family Caliorhinchidae 

Callorhinchus callorhynchus .279 

References. 279 


Introduction. 

This paper deals with rays and mantas col¬ 
lected in tropical eastern Pacific waters on five 
expeditions of the Department of Tropical 
Research of the New York Zoological Society 
under the direction of Dr. William Beebe. As an 
aid to future students we have included references 
to all species recorded from the tropical eastern 
Pacific. 


The geographical Ixmndaries of the region 
under consideration in this paper, and which we 
call the “tropical eastern Pacific,” are as follows: 
The coastal waters of North and South America 
from Cedros Island, off the coast of Lower Cali¬ 
fornia, and the Gulf of California, southward to 
northern Peru, including off-shore islands such 
as the Galapagos and Revillagigedo groups, 
Clipperton, Cocos and Malpelo Islands. 

As far as references are concerned, we have 
listed the original reference with tyjje locality, 
and references referring to the region under 
discussion. Additional references, have been 
added, however, whenever their inclusion was 
felt necessary. Some of the more commonly 
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cited papers have been referred to by name and 
not by publication, serial and page numl>ers; the 
full references will be found on page 279. Syno¬ 
nyms of nominal forms described from the region 
are included, but not necessarily those from 
extra-limital localities. 

Forty-three rays and two chimaeras are 
reported from the waters of the tropical eastern 
Pacific. 

We are indebted to Miss Janet B. Wilson for 
inking the drawings. 

Key to the Families of Hays and Mantas of the 
Tropical Eastern Pacific. 

1. Snout long, slender and flat, armed with strong 

teeth laterally (sawfishes).. Pristidae , p. 253 
Snout not armed with teeth laterally.2 

2. Tail comparatively thick, bearing two dorsal 

fins; with or without a well-developed caudal 

fin; no serrated caudal spine.3 

Tail slender, with one or no dorsal fins; bearing 
a filamentous caudal fin in the Dasyaiidae , 
otherwise without a caudal fin .5 

3. Caudal fin well developed; ventral fins not 

notched on outer edge (do not mist ake notch 
formed by clasper of males for a notched fin) 4 
Caudal fin absent, or represented only by a 
slight fold of skin; ventral fins notched on 
outer edge (do not mistake the notch formed 
by the clasper of the male for a notched fin); 
skin rough with scattered spines 

Rajidae , p. 254 

1. Skin rough with scattered spines; electrical 
organs not developed Rfunobuttdae , p. 250 
Skin everywhere perfectly smooth; electrical 
organs developed . Torpcdimdae, p. 217 
5. Dorsal fins absent; eyes not at edge of head 

Dtis ifatidoc, p. 260 

A single dorsal fin present; eyes at edge of head 

G 

G. Head with a pair of horn-like arms projecting 
forward. ... .. Mobulidai , p. 273 

No horn-like arms projecting forward.7 

7. Snout bilobed. Rhinoptemlac } p. 273 

Snout single lobed. . . Aetobatidae, p. 271 


Family Torpedinidak. 

Key to tropical eastern Pacific genera. 

la. Pelvic fins distinct from body posteriorly, not 

joined together to form a disk. Namnc. 

lb. Pelvic fins united to body along their entire 

length, joined together to form a disk 

Diecopyg <. 


Narcine Henle, 1834. 

Key to tropical eastern Pacific species. 

la. Disk with a single large ocellus in the center. 

ommuta . 

lb. No ocellus in center of disk. 

2a. Disk with a few inconspicuous rings in the 
young, becoming uniform in color in the 

adult. intenu'dar, 

2b. Disk with numerous white vermiculations. 

vermicutafm. 


Manias and Chimaeras 

Narcine entemedor Jordan & Starks. 
Oeeilated Electric Ray. 



Range: Gulf of California to Panama (Mexico: 
San Felipe Bay, Gonzaga Bay, San Francisquito 
Bay, Mulege, Ballenas Bay, Carmen Island, 
Agua Verde Bay and La Paz, all in the Gulf of 
California, Mazatlan; Costa Rica: Gulf of 
Nicoya; Panama: Panama Bay). 

Field Characters: Tail thick with two dorsals 
and a caudal fin well developed; pelvics not 
notched on outer edge; skin smooth everywhere. 
The ray is provided with electric organs which 
generate sufficient power for adequate protection. 
Pelvic fins separate. Young with several faint 
ocelli, disappearing in adult. (Illustration from 
Specimen 24,99G; 385 mm.) 

Color: The adult is uniform putty brown with 
indistinct s|X)ts of dusky on the body, both 
dorsals and caudal fin. In young individuals 
there are about four pairs of large ocelli on the 
upper surface, dark-centered with a pale outer 
ring of yellowish-tan. These markings fade with 
age so that in some specimens they are almost or 
quite absent. 

Size: The largest recorded specimen is 762 
mm. in length. 

Local Distribution: We took this species only in 
Inez Bay, on the west coast of the Gulf of Cali¬ 
fornia. In mid-April they were found in shallow 
water at night. 

Abundance: Records in literature are of single 
specimens, except at La Paz where they were 
said to be common. We found them abundant 
at night in Inez Bay, 

Food: Specimen No. 25,249 had in its stomach 
a pure culture of red polychaete worms, armed 
with strong spicules. No. 24,996 had eaten six 
polychaete worms and one ascidian. 

Study Material: 13 specimens. Mexico: Inez 
Bay; 12 rays seen, 6 collected (24,996, 25,235, 
25,249); Photo. 7565; length 330 to 385 nun., 
April 13 to i 6, 1936. Speared at night in shallow 
water in the southern part of Inez 13ay. 

References: Narcine entemedor, Jordan, D. S.. Fishes of 
Sinaloa, 1895: 387, 508 (original description, color; typo 
locality, Mazatlan, Mexico; La Paz). Gilbert, G. 11., & 
Starks, K. O., Fishes of Panama Bay, 1904: 15, 207 
(description, Gulf of California, Panama). Osburn, R 
(\, & Nichols, J. T., Dull. Amer. AIus. Nat . Hist , 35, 
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1916: 144 (Mexico: Agua Verde Bay. Mulege). Meek, 
S. JS., fc Hildebrand, S. F., Marine Fish of Panama. 1, 
3923: 74 (comparison with Nardne brasiliensis). Breder, 
O. M., Jr., Bull* Bingham Oceanogr. Coll., 2 (1), 1928: 5, 
fig. 2 (Mexico: San Frandequito, Gonzago Bay, San 
Filipe Bay; Ballenas Bay on Carmen Island; color of 
young and adult, figure). 


Nardne ommata Clark. 

Range: Pacific Coast of Central America; 
exact locality unknown. 

Field Characters: Tail thick with two dorsals 
and a caudal fin well developed; pelvics not 
notched on outer edge; skin smooth everywhere; 
electric organs present; j>elvic fins separate; a 
brilliant ocellus in center of disk. Color mark¬ 
ings strikingly similar to those of IHscopyge 
ommata Jordan & Gilbert; but the species differs 
in not having the ventral fins united into a con¬ 
tinuous disk as in Discopyge. 

Study Material: None. 

References: Narane ommata, Clark, H. W., Proc. Cal. 
Acad. Sci., 21, 1936: 383 (original description; type 
locality. Pacific coast of Central America, exact location 
unknown; typo No. 6444, Mus. Cal. Acad. Sci,, Ichthy.). 


Nardne vertniculatus Breder. 
Vermieulated Electric Ray. 
(Plate I, Fig. 1). 



Range: Mexico. El Salvador. (Mexico: “west 
coast of Mexico/' 15 miles west of San Benito, 
South Mexico, at 14° 40' 20" N. and 92* 40' 30" 
W.; El Salvador, off La Libertad, 13 fajthoms.) 

Field Characters: Tail thick, with two dorsals, 
caudal fin well developed; pelvics not notched on 
the outer edge; skin smooth everywhere; electric 
organs present; pelvic fin$ separate from each 
other; color as below. (Illustrations after 
Breder, 1928; 204 mm.). 

Color: Deep chocolate brown above with 
numerous spots and vermiculations of white; 
ventral surface wliite except posterior edges of 
ventrals and pectorals which are slightly dusky: 
posterior edge of both dorsals and caudal edgea 
with white; a single white spot a little longer than 
spiracle at the center of each dorsal; two irregular 
white bands across caudal; line bounding upper 
and lower coloration on peduncle, above dermal 
fold, wavy. In general the light marks tend to 
run transversely over body. 

Size: Kumada records a two-foot specimen. 

Study Material: 1 specimen, El Salvador: off 
La Libertad. Young male, (27,523), 58 mm., 
Dec. 16, 1937, dredged at station 198: D-1, 13 
fathoms. 

References: Nardne vermiculatus, Breder, O. M., Jr., 
Bull. Bingham Oceanogr. Coll., 2 (1) 1928- 6, figs. 3 and 4 
(original description; type locality, 14° 40' 20" N., and 
92° 40' 30" W., 15 miles west of San Benito, South 
Mexico; type No. 3143, Bingham Oceanogr. Coll.. Pea¬ 
body Museum, Yale Univ.). 

Nardne sp.. Kumada T., & Hiyama, Y„ Marine Fish 
Pac. Coast Mexico, 1937. 21, Plate 64, fig. B (short 
description, color, figure) 

Discussion: Four specimens of this beautiful 
ray are now known, three of which are males. 
The nearest related species is Narcinc brasiliensis , 
but differing from this, to mention only one of 
several characters, the Pacific ray has the pre¬ 
orbital snout in the disk length, 3 to 3.6 times, 
while in the Atlantic fish the proportion is 4.4 
times. The variation in color and pattern in 
brasiliensis is extreme, and is apparently con¬ 
cerned with and influenced by locality, individu¬ 
ality and development. 

This prepares us for acceptance of the corre¬ 
sponding but less extreme variation in the four 
known specimens of vermiculatus, as intraspecific. 

In our 58 mm. ray the pattern is in the form 
of large, well-defined white spots on the body and 
central disk and pelvics, which become short, 
irregular bands on the disk margin, numbering 
11 or 12 altogether. On the upper tail the white 
is in the form of 3 complete bands, and a 4th 
across the caudal fin. The 2nd and 3rd tail 
bands are enforced by a large spot on each 
dorsal. Both the dark color and several of the 
white bands overlap on the under side of the 
posterior half of both pectorals and pelvics. 

The next ray in size is Breder's, which is three 
and a half times larger (204 mm.). Here the 
pattern deserves the specific name of vermicular 
tus t the white being reduced, and divided into 
small irregular spots and lines. In Kumada & 
Hiyama’s plate of a ray of the same size (210 


Text-figure 3. 
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mm.), the pattern is again quite distinct. The 
white is still more reduced, and is faint, and in 
the form of a few meandering, irregular lines, 
most of which are on the outer margin of the 
disk and radiate outward. The tail bands are 
almost absent, but each unpaired fin still has a 
whitish line across it. 

The 4th individual .we know only from Kuma- 
da’s brief mention of “other large specimen 
(2 feet).” 

In both Breder’s and our specimens the rims 
of the spiracles are smooth, and while Kumada 
& Hiyama mention “small tubercles” in their 
description, yet their plate, which is drawn in 
great detail, shows them smooth. 

Discopyge Tschudi, 1846. 

Key to tropical eastern Pacific species, 
la. A strongly marked, brilliant ocellus in the center 


of the disk. ommata, 

lb. No ocellus in center of the disk. tschudii. 


Discopyge ommata Jordan & Gilbert. 
Ocellated Electric Hay. 

(Plate I, Fig. 2). 



Range: Gulf of California to Panama (Mexico: 
Gonzaga Bay, Puerto Refugio, Inez Bay, Santa 
Cruz Island, San Francisco Island, Arena Point; 
Costa Rica: Port Culebra; Panama: 10 miles 
south of Pearl Islands, Bay of Panama). 

Field Characters: Tail thick with two dorsals 
and a caudal fin; pelvics not notched on the outer 
edges; skin smooth everywhere. Provided with 
electric organs which generate sufficient power 
for adequate protection. Pelvic fins adnate to 
body. Color as below. (Illustration from speci¬ 
men 25,236, 142 mm.) 

Color: The color variations of six specimens are 
so extreme that no single description can cover 
all. This is not dependent on age, sex or locality 
and change of individual pattern can play but a 
slight part. 

The commonest pattern is a light brown 
dorsal background, covered thickly with small, 
well-defined black dots. In the center of the 
back there is always a strongly-marked ocellus. 
This usually has a black or yellow ochre or 
rufous core, surrounded by a succession of solid 
or broken rings of alternating black and pale 
brown. 

Other ocelli up to fourteen are scattered about 
on the upper surface, some like the spots of a 
jaguar, or again they may be almost solid. The 
most common situations are at the posterior 
inner angle of the pectorals, a pair close together 
between the central ocellus and the first dorsal 
fin, and one at the base of each dorsal fin. The 
preorbital area is free from dots and is marked 
with black and yellow ochre in the form of W's, 
M ; s and Y's. Below immaculate. 

Our Arena specimens are wholly free from dots, 
the skin being faintly marbled, while the central 
ocellus has a small, bright rufous center, then a 
wide ring of black, outside of which is a narrow 
pale one. This concentration of pigment is 
evident in the j>ost~pectoral and dorsal fin 
ocelli. There, extreme patterns are exhibited in 
specimens no more than 105 and 142 mm. apart 
in length. 

A 65 mm. ray is thus described by Seale: 
“Mottled and marbled with brown over the 
back, with a distinct, round white spot sur¬ 
rounded by rings of black and white on the center 
of the back.” Breder has found the same ex¬ 
tremes of variation in specimens from the Gulf 
of California. 

Size: The largest recorded specimen is our ray 
from Inez which measures 185 mm. in total 
length. 

Local Distribution: These little rays have been 
taken not far from shore in 1 to 35 fathoms. 

Abundance: Common at night in shallow water 
in Inez Bay. Elsewhere it has been recorded 
singly or in pairs. 

Food: We found amphopods, small shrimps 
and worms in the stomachs. Also considerable 
quantities of very fine bits of quartz. 

Breeding: In our largest specimen, a female of 
185 mm. length, taken on April 10, the organs 
were considerably enlarged. 
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General Habits: At night, near shore, in tho 
light of our flashes, these rays were clearly visible 
as they swam through mid-water or close to the 
bottom. Unharmed specimens, when picked up 
from the dredge hauls, gave forth an electric 
shock, especially if the fish was seized on each 
side of the ocellus, in the middle line of the body. 
The shock was sufficiently strong, if unantici¬ 
pated, to make one drop the fish. It is said to 
generate as much as twenty volts. Three shocks 
in succession were noticed, the third weaker than 
the others. 

The conspicuousness of the pattern suggests 
the possibility of its serving a function of warning 
to vertebrate enemies. 

Study Material: 11 specimens: Mexico: Inez 
Bay ; 3 males, 2 females (25,774) 116 to 174 mm. 
April 13, 1936, speared at night in shallow water 
(one saved); Inez Bay, 1 male, 1 female (24,932) 
Col. Plate 31,168 and 185 mm. April 10, 1936, 
dredged, Station 141 :JM, in 7 to 9 fathoms; 
Inez Island, 1 male, (25,236) 142 mm. April 9, 
1936, dredged in shallow water; Arena Bank, 1 
male, 2 females (25,338) 105, 120, 155 mm. 
April 19, 1936, male dredged at Station 136:D-5 
in 33 fathoms, females Station 136:D-6 in 35 
fathoms. 

References: Discopyoe ommata, Jordan, D. S., & Gilbert, 
C. II., in Jordan, D. S. & Bollman, C. H., Proc. U. S. Nat . 
Mus., 12, 1890; 151 (original description, color, type 
locality, 10 miles south of Pearl Islands, Bay of Panama). 
.Ionian, T). 8., & Kvermann, B. W., Fishes of North and 
Middle America, 1896, 78 (short description). Oshurn, 

R. C., & Nichols. J. T., Bull. Amer. Mus. Nat. Hist., 35. 
1916: 144 (Santa Cruz Island. Gulf of California). Meek, 

S, E., & Hildebrand, N F., Marine Fishes of Panama, 
1923. 74 (short description). Breder, C. M., Jr., Bull. 
Bingham Oceana. Coll., 2 (1), 1928. 8 (color variation, 
Gulf of California, Angel Island, Gonzago Bay, San 
Francisco Island). Beebe, W., Bull. N Y. Zool . Soc., 
39, 1936: 236 (figure) Beebe, W., “Zaca Venture,” 1938. 
123, 300, fig. 10 (note on electric shocks, figure). Seale, 
A., Allen Hancock, Vac. Erped ., 9, 1940 2 (color; Costa 
Bica: Port Culebra). 

Discopyge tschudii I leek el. 

Range: Beaches the middle of Peru at the edge 
of our province. Said to extend around Patagonia 
as far north in the Atlantic as the Bio Plata. 
(Peru: Between Huacho and Chan cay.) 

Description: Disk circular; tail less than half 
the total length. Mouth, eyes and spiracle in 
the anterior seventh of the total. Mouth small, 
protractile; teeth bands narrow; teeth minute, 
flat, inner margins acute angled. Eyes small. 
Spiracles much larger than the eyes, and a short 
distance behind; margins without papillae or 
projections. Gill apertures small, hindmost two 
behind the middle of the disk. Dorsals small, 
rounded, subequal; origin of first dorsal slightly 
in front of the hind margin of the pelvics; 
second dorsal reaching little behind the origin 
of the caudal. Pelvics broad, rounded, united 
behind the vent. Tail small, depressed, dermal 
folds prominent, posterior margin of caudal con¬ 
vex, supra-caudal portion of fin longer. (Illus¬ 
tration after Gunther, 1898, 143 mm.) 

Color: Dusky reddish-brown above, darker 
over the middle; dull whitish below. 


Size: The Peruvian specimen was 143 mm. in 
length. A male from the Atlantic measures 410 
mm. 

Study Material: None. 



Text-figure 5. 


References: Discopyoe tschudii, HeckoJ, J. T., In 
Tschudi, J. J., Fauna Peruana, Pisces, 1845. 32, PI. 6 
(original description, type-locality between Huacho and 
Chancay), Stefndachner, F.. Zool. Jahrb., Suppl., fV, 
1898. 332, Plate 21, fig. 15 (description, figure). Abbott, 
J. F., Prot. Acad. Nat. Sa. I’hila., 1899. 329 (copy of 
original description). Garman, S., Plagiostomia. 1913 
303 (shortened translation of original description). 
Norman, J. K., Discovery Reports, Coast Fishes, 2, 1937: 
11, fig. 3 (Record of several from Atlantic, Gulf of St. 
George, Argentina, figure). 


Family Bihnobatidak. 

Key to tropical eastern Pacific genera. 

la. Width of disk to \y 4 times into the length 

of the disk; nostrils oblique; snout pointed, 
its angle 60°. Rhinobatus. 

lb. Width of disk equal to its length; nostrils trans¬ 

verse; snout shorter, obtusely pointed, its 
angle 85°. Zapteryr, 


Rhinobatus Linck, 1790. 

Key to tropical eastern Pacific species. 

la, A single rudimentary spiracular fold.. planiceps. 

lb. Two spiracular folds. 

2a. Rostral ridges close together for their anterior 

halves. produdus . 

2b. Rostral ridges separated for their whole 
length. 

3a. Rostral ridges rather broad; back with 
regularly arranged slate-colored blotches 
glaucostioma. 

3b. Rostral ridges narrow; back without 
blotches. leucorhynchutt . 
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Rhinobatus planiceps Garraan. 
Flat-headed Guitarfish. 



Text-figure 6. 

Range: Galdpagos Islands and Peru. (Peru: 
Payta, Callao, Pacosmayo, Lobos de Tierra La 
Punta; Gal&pagos Islands.) 

Field Characters: Flattened shark-like rays; 
snout narrow and elongate; tail thick and with 
two dorsals and a well-developed caudal fin; 
pelvics unnotched on outer edge; skin rough with 
scattered spines; nostrils oblique; a single, rudi¬ 
mentary spiracular fold. (Illustration after 
Garman, 1913, 448 mm.) 

Color: Light olive green al>ove, with numerous 
symmetrically placed dark blotches, with rather 
vague outlines. The dorsals, caudal, and outer 
parts of paired fins with slight rufous tinge; 
white below. 

Size: The largest recorded specimen is 7G3 mm. 
in total length. 

Abundance: Apparently common along the 
Peruvian coast. 

Study Material: None. 


, Mantas and Chimaeras 

covered with fine shagreen, with rows of hooked 
spines down the back and tail, and a small 
cluster at the shoulder: nostrils oblique; two 
spiracular folds; rostral ridges approximated 
along anterior half. Brownish-gray above, with 
a series of round, slaty spots. (Illustration after 
Kumada & Hiyama, 1937, 464 mm.) 

Size: Reaches a length of over four feet. 

Abundance: Reported as common in Turtle 
Bay. 

Study Material: None. 



Text-figure 7. 


References: Rhinobatus producta. Ayres, W. O., MS., 
Girard, O. F„ Proc. Acad. Nat. Sci. Phila. f 7, I860. 196 
(original description, Monterey, California). 

Rhinobatis productus, Osborn, R. C., & Nichols, J. T„ 
Bull. Amer. Mus . Nat. Hist.. 35, 1916: 142 (Mexico: 
Cerros I., Port San Bartholome and Agua Verde Bay). 

Rhinobatos productus, Wales, J. H., Copeia, 1932: 163 
(Mexico: Turtle Bay, Magdalena Bay). Norman, J. R., 
Proc. Zool. Soc. London, 1926 : 973, fig. 26 (description, 
figure, synonymy). 

Rhinobatus productus, Kumada, T.. & Hiyama, Y., 
Marine Fish Pacific Coast Mexico, 1937: 18, Plate 60 
(description, figure). 


Rhinobatus glaucostigma Jordan Gilbert. 
Slaty-spotted Guitarfish. 



Text-figure 8. 


References: Rhinobatus planiceps, Garman, 8 ., Bull. 
Mus. Comp. Zool., 6, 1879-1880: 368 (original descrip¬ 
tion, 21 specimens from Payta, Callao, and Gal&pagos 
Islands). Garman, H„ Proc. V. S. Nat . Mus., 3, 1880 
(1881): 620 (description); Garman, 8., Bull. Mus. Comp. 
Zool., 17, 1888-1889: 89, Plate 24 (description of lateral¬ 
line canal system). Jordan, D. S., & Evermann, B. W., 
Fish North and Middle America, 1, 1896: 64 (descrip¬ 
tion). Garman, 8., The Plagiostomia, 1913 : 283, Plate 
17a (description, figure; Lobos de Tierra, Peru). Nichols, 
J. T„ & Murphy, fi. C., Bull. Amer. Mus. Nat. Hist., 46, 
1922: 604 (Pascasmayo, Peru). Anonymous, Bol. Mus. 
Hist. Nat . “Javier Prado," No. 9, 1939: 122, 125 (La 
Punta, Peru). 


Rhinobatus productus Ay res. 
Northern Guitarfish; Shovel-nosed Shark. 


Range: San Francisco south to Agua Verde 
Bay, Gulf of California. (Mexico: Cedros Island, 
Port San Bartholome, Turtle Bay, Magdalena 
Bay, Agua Verde Bay.) 


Field Characters: Flattened shark-like rays, 
snout narrow and elongate; a stout tail furnished 
with two dorsal fins and a caudal fin. Skin 


Range: lx>wer California to Ecuador (Mexico: 
San Bartolome Bay, Guaymas, Maz^tlan; Ecua¬ 
dor: Bay of St. Helene). 

Field Characters: Flattened, shark-like rays; 
snout narrow and elongate; tail thick with two 
dorsals and a well-developed caudal fin; pelvics 
not notched on outer edge; skin rough with 
scattered spines; nostrils oblique; two spiracular 
folds; rostral ridges widely separated and rather 
broad; back with regularly arranged, slate- 
colored spots. (Illustration after Kumada & 
Hiyama, 1937, 382 mm.) 

Color: Brownish-gray above, with a series of 
round, slate-colored spots symmetrically ar¬ 
ranged. Pectorals and pelvic fins with pale 
margins; a dark blotph and some irregular dark 
patches below the snout. (Norman, Proc. Zool. 
Soc. London , 1926: 970.) 

Size: The largest published record is of a fish 
762 mm. in length. 
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Local Distribution: Sandy bottoms in shallow 
water. 

Abundance: There are exceedingly few records 
of this ray; at Mazatlan it is said to be very 
common on sandy bottoms. 

Study Material: None. 

References: Rhinobatus glaucosligma, Jordan. D. 8., 
& Gilbert. C. H., Proc. V. S. Nat. Mus .. 6. 1884: 210 
(original description, color, comparison with R. productus 
and R. leucorhynchus , Mazatlan); Evermann, B. W., & 
Jenkins, O. P., Free. U. 8. Nat. Mus., 14. 1892. 132 
(Guaymaa. Mexico); Jordan. D. 8., Fishes of Sinaloa, 
1895:387 (Mazatlan); Jordan, D. S. & Evermann. B. W., 
Fishes of North ana Middle America, 1, 1890: 02 (de¬ 
scription, color. Gulf of California); Boulenger, G. A., 
Boll. Muuijdella R. Unitersita di Torino, 13, No. 329,1898: 
1 (Bale de 8t. Helene, Ecuador); Gilbert, C. H., & Starks, 
E. C., Fishes of Panama Bay, 1904; 14 (comparison with 
leucorhynchus ); Garman, 8., Plagiostomia, 1913: 282 
(description, color, Gulf of California); Norman, J. B. 
Proc. Zool. Soc. London, 1926- 970, figure 23 (description, 
color, range, Mazatlan, figure); Breder, C. M., Jr., Bull. 
Binoham Oceano. Coll., 2, (1) 1928: 5 (comparison with 
leucorhynchus). 

Rhinobatus productus: Streets, T. n„ Bull. U. S. Nat. 
Mus., 7, 1877: 55 (San Bartolome Bay, Lower Cali¬ 
fornia) . 

Rhinobatus leucorhynchus: Jordan, D. 8., & Gilbert, C. 
H., Bull. U. 8. Fish Comm., 2, 1883: 105 (name only, 
Mazatlan). 

Rhinobatus sp., Kumada, T., & Hiyama, Y., Marine 
Fish West Coast Mexico, 1937: 18, Plate 50, B (short 
description, figure, west coast Mexico). 

Discussion: Kumada & Hiyama’s Rhinobatus 
sp. has been placed in the synonymy of this 
species, although there are points of disagreement 
in the descriptions. 


Rhinobatus leucorhynchus GUnther. 
White-snouted Guitarfish; Fiddlefish. 



Text-figure 9. 


Range: Mazatlan, Mexico, south to Guayaquil, 
Ecuador. (Mexico: Mazatlan. Tenacatita Bay, 
San Benito; Costa Rica: Gulf of Nicoya; Panama: 
Bahia Honda, Panama Bay; Colombia: Tumaco; 
Ecuador: Guayaquil). 

Field Characters: Flattened shark-like rays; 
snout narrow and elongate; tail thick, with two 
dorsals and a well-developed caudal fin; pelvics 
unnotched on outer edge; skin rough with scat¬ 
tered spines; nostrils oblique; two spiracular 
folds; rostral ridges rather narrow; back without 
spots. 

Color: Dark gray above, the snout and outer 
parts of disk paler, tto spots or blotches. Lower 
parts pale, the distal part of snout dusky. 
Another fully adult specimen with ten, irregular, 
roundish spots scattered at random on the back. 
Younger individuals are said to be generally 


lighter in color, with a few pale spots scattered 
over the upper parts. 

Size: A female of 625 mm. has been recorded. 

Local Distribution: Sandy bottoms in shallow 
water. 

Breeding: Two young, about to be bom, were 
taken from an adult ray, on April 9, in thirty 
fathoms, off San Benito in southern Mexico. 
Each measured 165 mm. in length. A ray 140 
mm. long was taken in Tenacatita Bay, Mexico, 
on December 10. 

Study Material: Not taken by us. A single ray 
of this species which had been caught in the 
Gulf of Nicoya, was identified in the collection 
of the museum at San Jose, Costa llica. 

Discussion: There seems considerable likeli¬ 
hood of identity between leucorhynchus and 
glaucostigma ) as indicated by the following: 
Gilbert & Starks admit very close relationship 
between the two forms, but give three apparent 
differences: pattern, rostral ridges, shape of 
snout and size of posterior gill-slit. 

Stark says that the Ecuadorian specimen of 
leucorhynchus in snout, rostral ridges and disk 
outline is intermediate between a Panama speci¬ 
men and a Mazatlan specimen of glaucostiyma. 
In leucorhynchus the dorsals are thought to be 
darker and the shagreen is rougher and coarser. 

Breder notes the irregularity of the pattern in 
his individual of leucorhynchus and adds, “This 
suggests the possibility of R. glaucosligma Jordan 
and Gilbert being identical with it or a race.” 

This can be satisfactorily settled only by a 
study of a reasonably adequate series of indi¬ 
vidual rays. 

References: Rhinobates leucorhynchus: GUnther, A„ 
Proc. Zool. Soc. London, I860; 604 (original description, 
Panama). 

Rhinobatus leucorhynchus: GUnther, A., Trans. Zool. 
Soc . London, 6, 1869 . 396, 490. (description of type. 
Pacific coast of Panama); GUnther, A., Cat. Fish. Brit. 
Mus., 8, 1870. 444 (description and illustration of head); 
Garman, 8., Proc. U. S. Nat. Mus , 3, 1881'517 (descrip¬ 
tion, Panama); Jordan, T>. 8 , & Gilbert, t\ If., Bull. U . 
8. Fish Comm., 2, 1882: 105 (Mazatlan, Mexico); Jordan, 
D. 8., Proc. U. S. Nat. Mus., 8, 1880: 364 (Panama): 
Jordan, D. 8., & Evermann, B. W., Fishes North and 
Middle America, 1896: 62 (description, color, Panama 
and vicinity); Gilbert, C. If., & Starks, E. C., Fishes 
Panama Bay, 1904: 14 (comparison with glaucostiyma); 
Starks. E. d., Proc. V. 8. Nat. Mus., 30. 1906: 762, 763 
(comparison with glaucostigma, Gulf of California, 
Panama, Ecuador); Garman, 8., The Plagiostomia, 1913: 
282 (description, color); Wilson, C . Ann. Carnegie Mus., 
30, 1916: 58 (Tumaco, Colombia); Meek, 8. E., Sc Hilde¬ 
brand, S. F.. Marine Fishes Panama, 1923: 68 (descrip¬ 
tion, color, Mazatlan to Ecuador); Norman, J. K., Proc. 
Zool Soc. London, 1926 ; 971 (description, Ulus, of head, 
type length); Breder, C. M., Jr., Bull. Bingham Oceano. 
Coll . 2 (J), 1928; 4 (color, comparison with glaucostigma; 
Ban Benito, Mexico; Bahia Honda, Panama). 

Rhincobatos leucorhynchus: Seale, A., Allan Hancock 
Pacific Exped., 9, No. 1, 1940 : 2 (Tenacatita Bay, 
Mexico). 


Zapteryx Jordan & Gilbert, 1880. 
Zapteryx exasperate (Jordan & Gilbert). 
Rough-skinned Guitarfish. 

Range: San Diego and the Gulf of California 
south to Panama. (Mexico: Gonzago Bay, San 
Felipe Bay, Espiritu Santos Island; Panama: 
Panama Bay.) 
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Field Characters: Flattened, shark-like rays: 
tail thick with two dorsals and a well-developea 
caudal fin; no notch on outer edge of pel vies; 
skin rough with scattered spines; color not uni¬ 
formly black; nostrils transverse; disk dark, with 
black-edged yellow spots, or strong transverse 
bands. (Illustration after Kumada & Hiyama, 
1937, 485 mm.) 



Text-figure 10. 


Color: The two extremes of pattern and color 
are as follows; grayish-brown above, a band of 
dark brown near the ends of the nostril ridges; 
between this and another dark band which 
crosses the bases of the ridges, there is a light 
band; a band across the head between the eyes 
is somewhat confluent with the band in front of 
it, except for a dark spot on the posterior angle 
of each pectoral. In the second type of extreme 
pattern, the disk has several rough, yellowish 
s])ots as large as the pupil, each spot occellated 
with black. 

Size: Reaches a length of about three feet. 

Local Distribution: Shallow waters near shore. 

Study Material: None. 

Discussion: The variation in pattern and color 
removes all possibility of these being specific 
characters, and in all other respects xyster ap- 
pears to oe indistinguishable from exasperata. 

Referencesi riaiurhina t xasperata, Jordan, D. S,, & 
Gilbert, O H. f Pioc V S.Nat Mus ,3.1881 -32 (original 
description; type locality, San Diego, California). 

Syrrluna exasperata , Jordan, D 8., & Gilbert, C. fT„ 
Proc. U. S. Nut. Mus., 5, 1882 (1883). 621 (color, Pana¬ 
ma); Breder, O. M. Jr., Bull. Bingham Oceanogr. Coll., 
2, 1928: 6 (Mexico. San Frandsquito Bay, Gonzago 
Bay, San Felipe). 

Rhlnobatos exasperatus, Jordan, D. 8., Proc. U. S. Nut. 
Mus., 8,1886: 364 (Panama). 

Zapteryx xyster, Jordan. D. 8., & Evermann, B. W., 
Fishes North and Middle America, 1, 1896 : 66 (original 
description, type locality, Panama); Norman, J. R., 
Proc. Zool. tioc. London, 1926 : 980 (comparison with 
exasperatus). Brock, V., Copeia , 1938: 130 (Espiritu 
Santo Island, comparison with exasperata). 

Xapteryx xyster, Kumada, T., & Hiyama, Y„ Marine 
Fish Pacific Coast Mexico, 1937: 19, Plate 62. 


Family Pristidae. 

Pristis, Klein, 1779. 

Key to tropical eastern Pacific species. 

la. Origin of first dorsal fin well in advance of the 

origin of the pectorals; lower lobe of caudal 
fin present, but small; 14 to 23 teeth along 
each edge of the rostrum. zephyreus, 

lb. 24 to 32 teeth along each edge of the rostrum. 

> ? pectxnatus. 


Mantas and Chimaeras 


Pristis zephyreus Jordan & Starks 1895. 
Sawfish. 



Text-figure 11. 


Range: Mexico to Ecuador. (Mexico: Mazat- 
lan; Guatemala: Chiapam; Costa Rica* San Juan 
del Sur; Panama: Balboa, Rio Grande at Mira- 
flores, Rio Chucanaque; Colombia: Rio San Juan; 
Ecuador: Guayaquil.) 

Field Characters: Shark-like rays with an 
elongate, depressed body; snout produced into 
a flat, very long rostrum, armed along each 
lateral edge with a scries of 17 to 23 large teeth; 
lower lobe of caudal small; origin of first dorsal 
in advance of the pelvics. (Illustration from 
figure of closely related P. perotteti , after Day, 
3888.) 

Study Material: No living individuals were 
observed or captured. A large rostrum (No. 
28,723) of this species was obtained in San Juan 
del Sur, Costa Rica, Jan. 10, 1938, from a fisher¬ 
man, who had taken the sawfish himself. The 
snout measures 900 mm. from the tip to the 
origin of the proximal, lateral pair of teeth; at 
the latter place the width of the snout is 175 
mm. and the length of the longest tooth is 45 mm. 

References: Pristis zephyreus, Jordan. D. 8., & Starks, 
E. C., in Jordan, D. 8., Fishes of Sinaloa, 1896. 383 
(original description; comparisons of various descriptions 
of various authors; type locality, Mazatlan, Mexico, 
type in Stanford University). Gilbert, C. II., & Starks, 
E. C., Fishes of Panama Bay, 1904: 14 (amended de¬ 
scription, specimens from Rio Grande at Mirafiores, 
Panama). 

Pristis microdon. Meek, S. K., & Hildebrand, S. F. t 
Marine Fishes of Panama, 1, 1923* 66 (tidal streams near 
Balboa, Panama, 22 specimens, 800-1075 mm., descrip¬ 
tion). Breder, O. M., Jr., Bull. Amer. Mus. Nat. Hist., 5<, 
1927: 99 (Rio Chucanaque, Panama, 6 specimens, 770- 
965 mm., notes on ecology). Breder, O. M,, Jr., Bull. 
Bingham Oceano. Coll., 2 (1), 1928: 4 (refers to last 
mentioned reference, note on liabits; under J*. pectlnatus) 

Pristis perotteti, Ghnther, A,, Cat. Fishes Bnt. Mus., H, 
1870: 437 (Chiapam, Guatemala). Steindachner, F.. 
Denkschr . Akad. wfss. Wien., 42, 1880: 102 (fresh anti 
brackish water around Guayaquil, Ecuador; two speci¬ 
mens, 790 and 870 mm.). Jordan, D. 8., & Gilbert, t\ 
H., Bull. V. S. Fish Comm., 2, 1882 (1883): 106 (Mazat¬ 
lan, Mexico). Wilson C., Annals Cam. Mus. Pittsburgh, 
10, 1916: 58 (Guayaquil, Ecuador). Eigenmann, C. H„ 
Indiana Univ. Studies, 46, 1920: 10 (Rio Han Juan. 
Colombia). Eigenmann, C. H., Memoirs Cam. Mus , 
Pittsburgh, 9, 1922 : 25 (Rio San Juan, Colombia). 

Pristis antiquourum, Gtlnthor, A., Trans. Zool. Soc. 
London , 6 (7), 1868 : 397 (Chiapam, Guatemala). 

Discussion: This species has been merged with 
P. microdon, and is so considered in many 
publications. Until good comparisons are made 
with materials from other oceans we prefer to 
maintain the Pacific coastal form as a separate 
species. 

? Pristis pectinatus Latham. 

Sawfish. 

Range: Acapulco, Mexico is the only definite 
locality record within our area on the Pacific 
coast. 
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Field Characters: Shark-like rays with an 
elongate, depressed body; snout produced into a 
flat, very long rostrum, armed on each side with 
24 to 32 teeth. 

Study Material: No live fish observed or col¬ 
lected; two small rostrums were purchased at 
Acapulco, Mexico, Nov. 20,1937. They measure 
172 and 175 mm. from the tips to the proximal 
pair of teeth; width at this base 28 mm.; number 
of teeth 27 right, 27 left, and 26 right, 28 left 
respectively (Nos. 28,724, 28,725). 

References: ? Pristis pectinatus, Latham, J., Trans. 
Linn. Soc. London, 2, 1794. 278 ("in the ocean,'*). 
Breder, O. M., Jr.. Bull. Bingham Oceanogr. Coll., 2 (1). 
1928 : 4 (no definite locality, west coast of Central 
America or Mexico; 2 specimens, 710 and 724 min. and 
rostrum of a third specimen). 

Discussion: Further study may show these 
Pacific sawfish to be another species. 


Family Rajidae. 

Key to tropical eastern Pacific genera. 

la. Rostral cartilage produced forward from the 

skull, stiffening the rostrum. Raja. 

lb. Rostrum soft, flexible, lacking the rostral pro¬ 

longation of the cranium ... .Pmmmobatus. 


Raja Linnaeus, 1758. 2 

Key to tropical eastern Pacific species. 

la. No spines present about the eye; 33 rows of 

teeth. . aguja . 

lb. Spines present about the eye; 37 to 44 rows of 

teeth. 

2a. Three large spines about the eye, one in 
front and two behind (see illustration) 

bad m. 

2b. Usually more than three spines about the eye, 
the spines smaller in size. 

3a. Three or four rows of spines between the 
eye and the edge of the disk; a spine on 
each shoulder; an obscure darkish patch 
near the base of the ]>ectoral fin on the 
dorsal surfaces . . equator iah*. 

3b. No rows of spines below the eyes; no 
tubercles or spines on the shoulders. 

4a. A series of spines or prickles along the 
middle of the back, a few of the ante¬ 
rior ones being quite large; a dark ring 
on the upper surface near the base of 
the pectoral fin (Cedros Island, north- 
* wara). inomata. 

4b. A single median spine on the back; no 
dark ring near the base of thepectoral 
fin on the upper surface (Ecuador) 
ecuadoriensus. 


* This key should be used with great caution, as our 
knowledge of the tropical eastern Pacific forms of this 
genus Is fragmentary. 

Two species of the genus Raja have been reported by 
Kumada & Hiyama from the “west coast of Mexico. ' 
Whether these fish belong to the tropical eastern Pacific 
fauna or to that of the wider waters further north we do 
not know. Because of scanty material and lack of 
familiarity with the group, we do not attempt to give 
these specimens a name or to place them in the synonymy 
of some other form. We have included copies of Kumada 
& Hiyama’s descriptions under the heading of “ Raja sp. 
A.” and “ Raja sp. B.” 


Raja aguja Kendall & Radcliffe. 
Peruvian Ray. 



Text-figure 12. 


Range: Near Aguja Point, Peru (Lat. 5° 47' >S., 
Long. 81° 24' W.), in 530 fathoms. 

Field Characters: Caudal fin absent or only a 
slight fold of skin; two dorsal fins crowded 
together near tail tip; pel vies notched on outer 
edge; skin rough; thirty-three rows of teeth. 
Color, purplish-brown, with or without scattered 
pale, good-sized spots. (Illustration after Ken¬ 
dall <fr Iiadcliffe, 1912, 480 mm.) 

Size: Grows to 480 mm. 

Study Material: None. 

References: Raja aguja , Kendall. W. C., & Radcliffe, L.. 
Mem. Mus. Como. Zool. , 85, 1912: 78, 167, Plate 1, figs. 
1 and 2 (original description, color ; type locality : near 
Aguja Point, Peru). 

Raia aguja , Oarman, 8., The Plagiostomia, 1918: 358 
(re-description of one of the types). 

Discussion: The female specimen in the original 
description appears as if it might be assigned to 
Psammobatis. 


Raja badia Carman. 

Range: Gulf of Panama. (Thirty miles east of 
Capa Mala, Lat. 7° 5' 30" North, Long. 79° 40' 
West), in 1270 fathoms. 

Field Characters: Ray with caudal fin absent, a 
low dermal keel on upper and lower sides of tip of 
tail; two dorsal fins crowded together near tip 
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of tail; pelvic fin notched on outer edge; skin 
rough, with a single median row of large tuber¬ 
cles down back and tail, conspicuous, large 
spines about the eye. (Illustration after Garman, 
1899, 257 mm.) 

Color: Chocolate brown above and below; 
narrow white areas about the mouth, and a white 
spot immediately behind the middle of the 
shoulder girdle. 

Size: Length of only known specimen, 257 mm. 

Study Material: None. 



Text-figure 13. 


Breeding: Two egg-cases which, as Garman 
writes, are “probably R , badia” were taken in 
two hauls by the Albatross , on Feb. 24, at almost 
the same locality, about fifty miles south-west of 
Mariata Point, Panama, in 405 and 782 fathoms 
respectively. Garman figures one of them and 
descrilies them as follows: “The egg ease itself, 
without the tendrils, is 04 by 90 mm. The horns 
are mutilated, evidently they were of consider¬ 
able length; their bases are stout and thick. 
Over the entire surface the case is covered with 
fine villi or pile, in longitudinal series, which 
though harsh to the touch, gives the appearance 
of a soft rich, black velvet. The second speci¬ 
men has a longer, closer pile/’ 


References: Raja badia, Garman, 8.. Mem. Mus Comp . 
Zool. 24, 1899: 22, Plate 6, figs. 1-8 (original description, 
color, egg cases: type locality, Panama Bay). 

Raia badia, Garman, S., Thu Plagtostomfa, 1913 367 
(description, color). 


Raja ecuadoriensis nom. nov. s 

Range: San Helena Bay, Ecuador. 

Description: The figure adjacent and the follow¬ 
ing translation are from Tortonese's description 
and account. 

•Nom. nor, for Raja steindachneri Tortonese, 1939, 
not of Delfln, 1901, 


lt Raja aleindachneri. Deif. (Tav. 1). 

“Length 388 mm., disk length 224 mm. at the 
widest place, which is one-third wider than long. 
The line which connects the tip of the snout with 
the center of that which goes from one tip of the 
pectorals to the other is somewhat less than half 
of this latter. The line from the tip of the snout 
to that of one pectoral intersects the margin of 
the body slightly near the tip of the pectorals, 
and comprises one and a half timeB the length of 
the disk. The pectorals have convex angles, 
almost acute. The posterior ones are rounded. 
The anterior margin is slightly sinuous, forming 
on each side two slightly marked re-entrances 
which render it prominent in relation to the eyes. 
The pectorals reach to the middle of the ventrals, 
which are clearly bilobar and measure three- 
quarters of the length of the snout. The latter 
is long and acute, much straitened toward the 
tip which is rounded; the longitudinal diameter 
of the eye is comprised five and a half times in 
its length, the interorbital space three times. 
Rostrate angle of about 45°. The snout is a 
little less than a third of the length of the disk. 
The rostrate cartilage is narrow and robust, 
united in its distal three-fifths, forked at its base. 
The interorbital space is markedly concave. 
The orbits have small spiracula. The mouth is a 
little curved; its width is comprised one and 
three-fifths times in the pre-nasal part of the 
snout. 37/37 teeth, with a central triangular 
point. The nasal valves are fringed on the 
margin turned toward the mouth. Small pteri - 
gopodia; the free part measures 8 mm. The tail 
is depressed, with a longitudinal cutaneous fold 
on each side extending to the caudal one. The 
length of the approximately equal dorsal fins is 
a third of the snout; they are separated by a space 
rather smaller than half the base of the first 
dorsal fin - the second is united witli the caudal 
one, which is placed low, and double the length 
of the eye. 
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“Nearly all of the body is smooth. Two 
spines, with some other minute ones, stand before 
the orbit, two placed right above it, and some 
very small ones above the spiracuta. A little 
behind these, and in the middle of the back 
stands a single strong isolated spine. Near the 
outer angle of the pectorals run 8 unequal series 
of small spines, arched more or less parallel to 
one another, and parallel also to the margin of 
the body, extending farther backward than 
forward. The dorsal median line of the tail is 
occupied by a series of 17 robust spines inserted 
into elliptical and laterally compressed scutelli 
that are not very much unequal m their dimen¬ 
sions; two other spines are placed between the 
dorsals. A fine band of tiny spinules follows the 
ventral margin, characteristics which distinguish 
the male: its total length is 393 mm., of which 178 
make up the tail, but the pterigopodia measure 
118 mm. This fact, combined with other small 
morphological differences might lead to the 
supposition that the Ecuador race represents a 
heretofore unknown species. It is however, im~ 
ssible for me to ascertain this now, and since 
am acquainted with K. steindachneri only 
through the treatise cited, I feel justified in the 
assumption that the specimen studied belongs 
to this species, observed until now near the 
coasts of Chile (type of Iquique) and Peru, but 
spreading also farther North. 

“The races, limited perhaps to a small number 
of forms, which Jive in the western regions of 
South America, are not yet well known; concern¬ 
ing them comparative studies of a certain breadth 
are still lacking.” 

Reference: Raja steindachneri (not of Delfln) Tortonese, 
E.. Roll. Musei Zool. Anat. comp . Torino, 1939 (3) 47, no. 
89. 3-5, Plate 1 (description, figure, Ecuador). 

Discussion: Tortonese’s description and figure 
are based, according to his text, upon Evermann 
& KendalFs description of a ray 4 that the latter 
assigned to Haja steindachneri Delfin, which in 
turn was based upon Steindachner’s Raja 
rkilensis , 1896. A comparison of Tortonese’s 
figure with the original plate and description of 
Raja chilcnsis shows that the latter is quite 
properly placed in the synonymy of Psammohatus 
lima Poeppig, that Tortonese’s fish with its 
prominent rostral cartilage was correctly assigned 
to the genus Raja and that it bears no resem¬ 
blance to Steindachner’s chilensis. It is therefore 
necessary to give another name to Tortonese’s 
ray. 

Raja equatorialis Jordan & Bollman. 

Range: Gulf of Panama in 33 fathoms, 7 miles 
south of Pearl Islands. (8° 6' 30” N., 78^ 51' W.) 

Field Characters: Rays without distinct caudal 
fin; two dorsal fins near tip of tail; pelvic fin 
notched at outer end; large spines present around 
eye; three prominent rows of spines or tubercles 
on the tail. 

Color: Light brown, spotted with paler, back 


4 Evermann, B. W., & Kendall. L., Bull XJ. S . Nat. 
Mus., 95. 1917: 14. 


with obscure reticulations of the ground color, 
forming honey-comb-like markings surrounding 

E aler markings; an obscure, roundish dusky 
lotch at middle of base of pectorals, and a 
darker one near their posterior base; edges of 
ventral and pectoral fins and the snout pale; dark 
markings on interorbital area and below eye. 
No markings below. 

Size: The only known specimen is 14 inches 
long. 

Study Material: None. 

References: Raja equatorialis, Jordan, D. S., & Bollman, 
C. H„ Proc. U. S. Not. Mus., 12, 1890: 160 (original 
description, color, type locality, Gulf of Panama; type 
No. 41,132. U. S. Nat. Mus ). Meek, 8. E., & Hildebrand, 
S. F. t Marine Fishes of Panama, 1, 1923; 73 (description, 
color). Gilbert, C H., Proc. U. S. Nat. Mus., 48, 1916. 
308 (re-examination and description of the type). 

Discussion: This ray is related to Raja inomata, 
from which it is apparently distinguished by 
having four rows of spines below the eyes, a 
series of stout spines on each side of the tail in 
the male, and no prickles on the back except the 
median series and the spine on each shoulder. 
Considering the variability found in R. inomata , 
a comparison between the type of equatorialis and 
specimens of inomata would be advisable. 
However, Gill>ert (l. c.) states in his reexamina¬ 
tion of the type of equatorialis that “ R. equatori¬ 
alis is not very closely related to any oilier 
American species.” 


Raja inomata Jordan & Gilt>ert. 
California Skate. 



Text-figure 15. 

Range: Straits of San Juan de Fuca south to 
Cedros Island, Lower California. 

Field Characters: Disk broad, diamond-shaped, 
anterior margins undulating. Caudal absent, 
two dorsals near tail tip; pelvics notched; small 




257 


1941] Beebe & Tee-Van: Rays, 

prickles along the mid back, larger ones on snout 
and between eyes, and 3 to 5 rows on back of 
tail, (Illustration after Barnhart, 1936.) 

Color: Dark olive brown above, with a small 
dark ring at the base of each pectoral, and some¬ 
times two other pale spots on the pectorals. 
Our half-grown specimen has the back covered 
with many, faint, dark spots and a lesser number 
of light ones; a narrow, pale blue edge around 
pelvic fins, Lower parts pale, mottled with 
dusky on central portions of fish. 

Size: Reaches a length of two and a half feet. 

Local Distribution: On the bottom of shallow 
water along the coast, as deep as seventy-six 
fathoms. 

Abundance: From San Diego northward said 
to l>e very abundant. 

Food: Specimen No. 25,688 had six small 
shrimps in its stomach; Solcnocera mutator 
Burkenroad, 1 male; Crago zacae Chace, 4 
females (1 ovigerous); Crago resima (Rathbun), 

1 ovigerous female. All had been swallowed 
whole. 

Study Material: 1 specimen. Dredged from 
Station 126.D-8, (East of Cedros Island, Lower 
California) in 48 fathoms on muddy bottom, 
female (25,688) length, 365 mm., May 22, 1936. 

References: Raja binocuJata, Jordan, D. S., & Gilbert, 

O. ll , Proc. V. 8. Nat. Afus., 3, 1880: 134 (description, 
indefinite locality, San Francisco and Pacific Coast). 

Raia inornata. Jordan, D. 8., & Gilbert, C H , Proc. 

U. 8. Nat. Mus ., 4, 1881: 73 (reference to description 
given in preceding reference). Carman, S . The Piagio- 
stomia, 1013: 347 (description of young specimen). 

Raja inornata , Gilbert. O. H , Rep. II. S. Fish Comm., 
19,1803 (1805) ’ 462, 475 (description embryo, > oung and 
adults). Gilbert, C. H., Proc. U 8 Nat Afus.. 48, 1015: 
306 (description of embryo in egg case). Hubbs, O H., 
Copna, 86, 1920. 81 (development of dorsal spines). 

Discussion: The half-grown female in our col¬ 
lection extends the range southward three 
hundred miles. 

Raja sp. A. 

Range: “Pacific Coast of Mexico.” (Kumada 
& Hiyama). 

Description: “Disk broader than long, anterior 
edge of pectoral convex; snout sharply pointed. 
Body, except ventrals covered with small sharp 
prickles. 10 to 15 small distinct spines along 
upper margin of orbit, from anterior end of orbit 
to posterior end of spiracle. Several spines in a 
group on shoulder; a pair of blunt processes in 
pelvic region. A row of sharp, rather hooked, 
spines along middle of back, from posterior of 
spiracle to caudal; beside this, 4 rows of smaller 
spines run parallel to median row, those becoming 
larger and hooked at tail, spines of inner rows few 
in number in tail, those of outer rows more 
numerous than median row. Back brownish 
gray ? except sides of snout; a pair of large ocelli, 
consisting of black concentric ring, surrounded by 
a fainter area, at the middle of the pectoral fin. 
Lower surface white, posterior margin of pec¬ 
torals and ventrals rather grayish, tail dark. 
Lower side of the snout and the anterior half of 
the anterior margin of the pectoral covered with 


Mantas and Chimaeras 



small prickles; other parts of lower surface 
smooth. The fish closely resembles Raja stellu- 
lata Jordan and Gilbert, but differs from it in 
1 laving 5 rows of prickles on body and tail, and 
distinct concentric ocelli on middle of pectoral. 
Reaches 3 feet.” 

Reference: Rajja sp., Kumada, T., & Hiyama, Y.. 
Marine Fishes West Coast of Mexico, 1937:19, Plate 63. 

Raja sp. B. 

Range: “Pacific Coast of Mexico.” (Kumada 
& Hiyama). 

Description: “Outline of the body closely re¬ 
sembles that of above species [Raja sp. A], 
Body covered with less prickles; upper surface 
almost naked: anterior margin of the angle of the 
pectoral fin and the center of the body slightly 
roughened by small tubercles; lower surface of 
the body smooth, except anterior half of the 
margin of the pectorals. Spines of body rather 
smaller than forgoing species, not hooked: ten 
or more small spines on upper margin of the 
orbit, from anterior of eye to end of spiracle; a 
pair of groups of spines, each consisting of two 
or threo flat tubercles, on shoulder; a pair of 
blunt spines on pelvic region; a row of large 
spines along middle of the body from behind 
spiracles to caudal, besides this a pair of rows 
of spines from middle of body to caudal parallel 
to median row, outer side of them, another 
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pair of the rows of spines extends along middle 
line in tail; these all similar in size. Colour 
brownish gray above, speckled with small dark 
spots. Lower surface of body white, posterior 
margins of the pectoral and ventral grayish, 
low r er side of the tail dark. Rather small in 
size. This also resembles Raja stelhdata, but 
differs in the distribution of the spines on the 
upper side of the body and the tail, and in 
coloration.” 

Reference: Raja sp., Kumada, T. t & Hiyama, Y., 
Marin© Fishes West Coast of Mexico, 1937: 20, Plato 54. 
Fig. A. 


Psammobatis Gunther, 1870. 

Key to tropical eastern Pacific species. 8 

la. Interorbital width equal to or slightly more than 

the longitudinal diameter of the e} r e. scobina. 

lb. Interorbital width 2 to 4 times the longitudinal 

diameter of the eye. 

2a. A median series of 6 or 8 spines on middle of 
the back. brevicavdatm. 

2b. No median series of spines on the middle of 
the back. 

3a. 10 to 11 large spines along the upper surface 
of the tail; upper surfaces of disk with 
minute spinules in a patch on the anterior 
margin of the pectoral fins, on snout, 
round the eyes and along middle of back; 
lower surfaces with a narrow patch of 
spinules along the anterior margin of the 
pectorals. lima. 

3b. 25 spines along the upper surface of the 
tail; disk above and below covered with 
spinules/-these are more abundant in a 

* This key has been adapted and modified from the 
recent revision of the genus by Norman (Discovery 
Reports, 16,1937:28-35, flgs. 10,11). Keys and complete 
synonymies can be obtained from this paper. 

Bee also Raja aQUja . 


round cluster between the eyes and on 
the forehead and snout; lower surfaces 
lacking these spinules in a small area 
immediately around and behind the anus 
spinomtimus. 


Psammobatis scobina (Philippi). 



Ranae: Argentina, Patagonia, Chile, Ecuador. 
(Ecuador: San Elena Bay). 

Field Characters: Somewhat diamond-shaped 
rays without caudal fin and with two dorsal fins 
crowded far back on the tail; snout soft, without 
an internal rostral prolongation of the cranium; 
interorbital space equal to or slightly greater 
than the diameter of the eye. Brownish or 
grayish, spotted or mottled with dark brown and 
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with some small indistinct ocelli scattered over 
the disk; lower surface uniformly white. (Illus¬ 
tration alter Norman, 1937, 352 and 384 mm.) 
Study Material; None. 

References: See Norman, 1. c., 29, SO. Add the follow¬ 
ing: Malacorhina mira, Tortoneee, E„ Boll . Mus. Zool. 
Anal, Comp, Univers. Torino , 47, ser. 3, No. 89, 1937: 5 
(Ecuador: Bahia di S. Elena). 

Psammobatis brevicaudatus Cope. 



Range: Ecuador and Peru. (Ecuador: San 
Elena Bay; Peru: Pacasmayo Bay.) 

Field Characters: Small rays lacking: a caudal 
lin and with two dorsal fins placed far back on 
the tail; snout soft, without an internal rostral 
prolongation of the cranium; interorbital space 
greater than length of eye plus the spiracle. 
Back plumbeous with darker shades; middle of 
anterior part of snout with a dark spot beliind it. 
(Illustration after Fowler, 1910.) 

Size: The two known specimens are 307 and 
383 mm. long. 

Study Material: None. 

References: Psammobatus brevicaudatus , Cope, E. D., 
Proc . Amir. Philo. Soc., 17, 1877: 48 (original description; 
type locality, Pacasmayo Bay, Peru). Fowler, H. W., 
Proc . Acad. Nat. Set. Phila., 1910: 471, fig. 2 (name only, 
figure of type). Carman, S., The Plagiostomia, 1913 371 
(description, color) Norman, J. R„ Discovery Reports, 
16, 1937 35 (description). 

Malacarhina brevicaudata, Tortonese, K., Boll. Mus. 
Zool. Anal. Comp . Torino, (3) 47, 1939: 6 (description, 
color; Ecuador: Bala de San Fiona). 

Psammobatis lima (Poeppig). 

Range: Peru and Chile. 

Field Characters: Diamond-shai>ed rays with¬ 
out caudal fin; two dorsal fins placed far back on 
a stout tail; snout soft, lacking the rostral pro¬ 
longation of the cranium; length of snout 5% to 
6 H in width of the disk, Upper surface of disk 
mainly smooth, with areas of minute spinules on 
anterior margins of the pectoral fins, on the 
snout, round the eyes and along the back; large 
spines sometimes present on the upper surface of 
the tail, sometimes an irregular row of spines 


Mantas and Chimaeras 



Text-figure 20. 

from nape joining the row on the tail. More or 
less uniformly grayish or brownish above; 
lower surfaces white, the outer parts of the 
pectorals gray. (Illustration after Norman. 
1937: 436 mm.) 

Size: ? Crows to 460 mm. in length. 

Study Materials: None. 

References: See Norman, Discovery Reports , 16. 1937: 
34, for latest rfisumO of references and synonymy. 

Psammobatus spinosissimus sp. nov. 

(Plate II, Fig. 4). 

Type: Ilolotyj>o, embryo male taken from egg 
case, No. 6132, A returns Oceanographic Expedi¬ 
tion, Department of Tropical Ilesearch, New 
York Zoological Society. Station 72:D-3 (4° 50' 
N., 87° 00' W.) sixty miles south of Cocos Island, 
June 3, 1925, in 765 fathoms; total length 248 
mm., type in the collection of the Department of 
Tropical Ilesearch. 

Measurements: (Percentages of the total length 
stated in parentheses). Total length 248 mm., 
disk length 115 mm. (46.5%), disk width 145 
(58.5%), tail length 135 (54.5%), snout to 
mouth 27 (11%), snout to eye 23 (9.3%) snout to 
nostril 20 (8.1%), snout to end of pelvic fins 125 
(50.5%), snout to vent 103 (41.5%), snout to 1st 
gill slit 47 (19%), interorbital space 23 (9.3%), 
internarial space 23 (9.3%). mouth width 21 
(8.5%), space between 1st gill-slits 44 (17.8%), 
space between 5th gill-slits 30 (12.1%), eye 8 
(3.2%), spiracle 5 (2%), eye + spiracle 12 (4.7%), 
2nd dorsal fin to tip of caudal 39 (15.7%), snout 
to transverse line across disk at greatest width 
72 (29%). 

Description: Disk diamond-shaped, broader 
than long with its greatest width at a point 62% 
of the disk length from the snout; anterior 
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margin with a conspicuous bulge in front of the 
eye; tip of snout produced into a small blunt 
nubbin, no indication of a barl>el. Disk above 
and below covered thickly and evenly witli 
small, recurved spines, extending to the tip of 
the snout and to the edge of the disk; these 
spines are somewhat more abundant in a round 
cluster between the eyes and on the forehead and 
snout; only the clampers and an area immediately 
around and behind the anus are free from spines. 
The first enlarged median spine occurs at the 
level of the inner, free margin of the pectorals 
about 110 mm. back of the snout. The spines 
increase gradually in size to the fifteenth, then 
are succeeded in a continuous unbroken line by a 
further series of ten, smaller, subequal and 
closer together, ending at the first dorsal fin. 
Tail covered everywhere with small spines, even 
over the surface of the dorsal fins. Tail with two 
well developed fin folds extending back along 
each side almost to the tail tip; a small, low fila¬ 
mentous fold along the dorsal surface of the tail 
beginning close behind the 2nd dorsal fin and 
extending to the tip of the caudal. Outer 
separated portion of the pelvics appearing like a 
thickened finger, similar in general shape and 
size to the clasper; the latter are 10 mm. in 
length. Superior oral velum low and smooth, 
with a short cluster of about a dozen fimbriae at 
each corner of the mouth. Teeth are only 
partly developed, small, flat-cusped, separate, 
numbering about thirty across the extent of the 
mouth. 


Color in life uniform greenish slaty-gray both 
above and below, with the margins of the disk 
narrowly dusky. In the preserved fish, the color 
both above and below is pale brown with the 
outer border of the pectoral somewhat darker. 

The weight of the embryo when first removed 
from the egg case was 170 grams. 

Egg Case: This was olive green in color, and 
measured 160 mm. by 110 mm., by 43 mm. 
thick. The longest of the four tentacles was 100 
mm. long. 

Study Material: The type and only known 
specimen; Color Plate A950, and the egg case. 

References: Deep Sea Kay. Beebe, W., The Arcturus 
Adventure, New York, 1920: fig. 32 (photograph of 
specimen and egg case). 

Discussion: This species runs to lima in 
Norman’s key to the genus but differs from that 
species in the distribution of spines on the dorsal 
and ventral surfaces, in the different size and 
shape of the spiracle, greater number of spines 
on the dorsal surface of the tail, and in the length 
of the tail posterior to the second dorsal fin 
(possibly the tip of the tail is broken off in most 
specimens of this genus; in our specimen, which 
was taken from an egg case, the caudal is long 
and tapering and has a filamentous fold on the 
upper surface). 

Family Dasyatidae. 

Key to tropical eastern Pacific genera. 

la. Caudal fin absent. 

2a. Tail very long, whip-like . Dasyatis, 

2b. Tail very small, much shorter than the disk 

Gymnura. 

lb. Caudal fin present. 

3a. Caudal nn bioad, convex posteriorly: tail 
somewhat shorter than the disk Urohatus. 

3b. Caudal fin narrow and pointed; tail longer 
than the disk... . Urotrygon. 

Dasyatis Rafinesque, 1810. 

Ivey to tropical eastern Pacific species. 

la. Tail with a keel or fold on its upper surface. 

2a. Tail with a keel above and a fold below longus. 

2b. Tail with folds both above and below. brevis. 

lb. Tail without keel or folds above; a low keel 

below. pacificus, 

Dasyatis brevis (Carman). 

Rat-tailed Ray; Kite-shaped Ray. 

(Plate III, Fig. 1). 

Range: San Diego south to Peru and the 
Galapagos Islands. (Mexico: San Francisquito 
Bay, Mulege, Inez Bay, La Paz; Costa Rica: 
Gulf of Nicoya; Peru: Payta, Paracas Bay). 

Field Characters: Tail slender, longer than body 
when unbroken; a strong spine on tail; no dorsal 
or caudal fins, but a long, vertical fold of skin 
above and below the tail; disk kite-shaped, with 
greatest width two-fifths of disk length back of 
snout. (Illustration from specimen 24,995: 702 
mm. long, 463 mm. snout to caudal spine base.) 
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Color: Dark brown or black, unmarked. 

Size and Weight: Six feet or more in length. 
A four-foot male weighed fifty ]>ounds. 

Food: A 27-inch female from Inez Bay had 
thirty or more small crabs in its stomach, all of 
the same species. 

Study Material: 5 specimens. Mexico: Inez 
Bay, female (24,943), total length 1257 mm. 
(4 feet, lj^ inches), April 10, 1936, speared at 
night. Mexico: Inez Bay, male (24,995) total 
length 702 mm. {27Yz inches), April 13, 1936, 
speared at night. Costa Rica: Gulf of Nicoya, 
2 specimens, in collection of Museo Nacional, 
San Jose, Costa Rica; Gal&pagos Islands: 
Gardiner Bay, Hood Islands: female (5506), 
April 25, 1925, disk length 371 mm. 

Dimensions: (In Percentage of Total Length.) 


Total length. 

Disk length. 

Disk width. 

Tail length. 

Snout to mouth. 

Snout to eye. 

Snout to anterior nostril. 

Snout to end of pel vies. 

Snout to 1st gill-arch. 

Interorbital space. 

Internarial. 

Anterior internarial space.... 

Mouth width. 

Space between 1st gill-arches. 
Space between 5th, gill-arches. 


Male 

Female 

(24,943) 

(24,995) 

1257 mm. 

702 mm. 

53.5% 

57 

47.2% 

58.4 

52.8 

9.8 

7.8 

12.4 

li. 

7.3 

6.4 

57. 

50. 

15. 

14.3 

11. 

10.2 

10.6 


5.4 

4.8 

4.3 

5. 

13.3 

11. 

8. 

7. 


Vertebral spines: 

Male: about 90; continuous from back of eye 
to tail spine. 

Female: 25; continuous half way to tail, then 
2 and 1. 

Humeral spines: 

Male: 15. 

Female: 5. 

Teeth of Male: Upper jaw: 11 straight rows, 20 
oblique rows. 

Lower jaw: 18 straight rows; 26 oblique rows. 
Discussion: Our Gal&pagos Island specimen 
has strong dorsal spines, considerably stronger 
than is shown in the various figures of this species. 
The specimen has its tail broken; judging from 
similar sized specimens, its total length was 
about 40 inches. Probably the heavy spines arc 
associated with its size and age. 


References: Try gem brevis , Carman, S., Bull. Mus. 
Comp. Zool., 6, 1879: 171 (original description; type 
locality, Payta, Peru?). 

Dasybatis divterurus , Jordan, D. S., & Gilbert, C. H., 
Proc. U. S. Nat. Mus., 3, 1880 (1881): 31 (original 
description, type locality San Diego, California). 

Dasybatis brevis , Garaian, S., The Plagiostomia, 1913: 
396, Plate 32, figs. 5, 6 (description; figure, Payta Peru). 
Breder, C. M„ Jr., Bull. Bingham Oceanogr . Coll., 2 (1) 
1928: 1 (San Frandsquito Bay, Lower California). 

Dasyatis dipterura , Oaburn, R. C., & Nichols, J. T. t 
Bull. Amer. Mus. Nat. Hist., 36, 1916: 145 (Mulege, 
Lower California). Wales, J. H.. Copeia , 1932: 103 (La 
Paz, Lower California). 

Dasyatis brevis , Nichols, J. T., & Murphy, R. G., Bull. 
Amer. Mus. Nat. Hist ., 46, 1922: 604 (Paracas, Peru). 

Amphotistius diplerurus , Beebe, W.. " Zaca Venture,” 
1938: 120, 301 (Santa Inez Bay, Lower California), 


Dasyatus longus (Garman). 
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Range: Gulf of California to the Galipagos. 
(Mexico: Mazatlan, Acapulco; Costa Rica: Port 
Parker; Panama: Panama Bay; Galdpagos: Nar- 
borough, Hood Islands.) 

Field Characters: Tail slender, from one and 
four-fifths to more than twice length of disk; 
a strong spine on tail; no dorsal or caudal fins, 
but a low keel above and a fold of skin beneath 
the tail; disk rhomlxfid, greatest width two-fifths 
back of snout; anterior margins of disk straight, 
snout not protruding; snout angle blunt, 117°; 
spines along mid-back, and sometimes on inter¬ 
orbital and on tail. Color, uniform brown above. 
(Illustration after Gannan, 1913, 1,000 mm.) 

Size: A male seined at Port Parker, Costa Rica, 
measured in total length 2,574 mm. (8 feet, 
inches) and weighed 102 pounds. 

Abundance: Not a common ray, usually only 
single sjjecimens have been captured in any one 
locality. An exception was at Port Parker, Costa 
Rica, where we seined two and saw eight more 
large individuals. 

Study Material: 2 specimens, not saved; Port 
Parker, Costa Rica, both males; lengths, 2,574 
and 1,769 ram , Jan. 21, 1938; seined. 

Measurements: in percentages of total length. 

1st Specimen 2nd Specimen 
mm. % mm. % 
Total length. 2574 1769 

Disk length 978 38 4 660 37 3 

Disk width 1162 45 6 787 44 5 

Tail length. 1854 72 7 1295 73 

Eye.. 21 82 

Snout, 241 9 4 

Interorbital. 176 7 

Internarial. 110 4 3 

Snout to mouth. 228 8 9 

Mouth width.. 85 3 3 

1st to 5th gills 146 5 7 

Length to base of tail 354 14 

Base of tail to spine 406 16. 233 13 2 

Spine length. 160 6 3 150 8 5 

Discussion: The characters of disk spines, oral 
papillae, and tail length are so variable, that if 
the caudal keel and fold of skin in an adequate 
series of specimens, prove to be also variable or 
sex characters, the two species longus and brevis 
should be merged, 

References: Trygon longa, Garman, S , Bull. Mus. 
Comb. Zool., 6, 1880. 170 (original description; type 
locality, Acapulco, Mexico, Panama) Jordan, D. 8., & 
Gilbert, C. H., Bull. U. 3. Fish Comm., 2, 1882 (1883): 
106 (Mazatlan, Mexico). 

Dasyatis longus, Bvermann, B. W , & Jenkins, O. P., 
Proc, U, S. Not. Mus, 14, 1892. 132 (notes on 4 speci¬ 
mens, Guaymas, Mexico). Jordan, D. 8., Fishes of 
Sinaloa. 1895: 389 (common at Mazatlan). 

Dasyatis longa , Gilbert, C H., A Starks, E. O., Fishes 
of Panama Bay, 1904. 17, 207 (Panama, description). 
Snodgrass, R. E.. & Heller, E., Proc. Wash. Acad . Sd , 0, 
1905: 345 (short description; numerous at Narborough 
Island, Galapagos). 

Dasybatus longus, Garman, S., The Plagioetomla, 1913: 
390, Plate 32, figs. 3,4 (short description, figure). Meek, 
S. E., k Hildebrand, S. F., Marine Pishes of Panama, 1, 
1923.79 (description, Panama). 


DasyatU pacificus sp. nov. 
(Plate II, Figs. 1, 2 and 3), 



Text-figure 24. 


Type: Holotype, male, No. 26,120, Depart¬ 
ment of Tropical Research, New York Zoological 
Society; Port Parker, Costa Rica, January 22, 
1938, harpooned at night, total length 1 ? 524 
mm. Type in the collection of the American 
Museum of Natural History. 

Field Characters: Tail slender, one and three- 
quarters times as long as length of disk; two 
strong caudal spines; no dorsal or caudal fins, but 
a low keel on the ventral side of the tail; disk 
sub-spherical with widest area two-fifths of 
distance back from snout; snout small but pro¬ 
truding beyond disk profile; snout angle blunt, 
120 degrees; faint traces of double, dorsal cluster 
of somewhat enlarged tubercles; entire upper 
surface a hard armor of solid, low, radiating 
tubercles. Uniform brown above; white below 
with a broad border of dark. 

Size: The two known specimens measure 
respectively 1,270 and 1,524 mm. in total length. 

Description: Measurements, with percentage of 
total length (percentages in parentheses). Total 
length, 1,524 mm., disk length, 558 mm. (35.6); 
disk width, 622 mm. (41); tail length, 965 mm. 
(63.3); snout to eye, 132 mm. (8.7); snout to 
mouth, 110 mm. (7.2); snout to nostril, 90 mm. 
(5.9); snout to first gill-slit, 190 ram. (12.5); 
interorbital, 98 mm. (6.45); internarial, 50 (3.3); 
mouth width, 50 (3.3); eye, 13 mm. (.85); 
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spiracle, 46 mm. (2.96); interspace of first gill, 
146 mm. (9.6); base of tail to first spine, 432 mm. 
(28.3): first spine length 73 mm, (4.8); second 
spine length, 136 mm. (8.86); space between base 
of spines, 50 mm. (3,3); gill-slit greatest length 
26 mm. 

Whole head and body covered with a mosaic of 
low, blunt, radiating tubercles. Slight suggestion 
of two shoulder clusters of slightly enlarged but 
blunt tubercles. The dorsal tubercles die out 
toward edge of disk, but become small, sharp 
spinules along rim of eyes and spiracles, and on 
distal portion of tail. 

The surface of the skin shows a dense covering 
of separate tubercles. These average 1.4 mm. in 
diameter, with larger ones up to 2.8 mm. They 
show no pattern of arrangement, being about 
their own diameter apart. They are irregularly 
round, and composed except for a thin basal 
sheet of bone, of white enamel. From the center 
radiate four irregular ridges which in turn divide, 
especially near the margin. The skin between the 
tubercles is of a very tough, gristle-like character, 
adding 1o the tubercles in giving a feeling of solid 
hardness to the surface as a whole. 

A low, infracaudal keel begins at base of 
second spine and ends at vertical of tip of spine. 
Tail, halfway between base and base of first 
spine, 40 mm. wide, and 27 mm. deep. 

Superior velum almost straight, fimbriated. 
Lower jaw outside, notched in center, thence 
curving backward on each side to the gape. 
Considerable area below and liehind mouth 
strongly papillose. 

Teeth: Dental area of lower jaw in general 
wavy, there being three curved depressions in the 
outer half, the inner half remaining flat and level. 
Width of this area 43 mm., front to back 15 mm. 
About 31 rows across, and 12 from front to back. 
Width of the teeth 1.7 mm. Each tooth has a 
deep base, stout, extending straight down but 
not attached to its neighbors. The summit is 
flat but projects slightly over the two in front, 
the teeth being staggered like tiles. A deep 
transverse groove extends across the center of 
each tooth, and the anterior, or interiorly 
pointing rim is curved. At the summit of this 
curve is a well-developed toothlet, almost level 
with the general surface of the whole area, but 
pointing down the throat. These small teeth are 
largest and sharpest among the innermost rows, 
gradually dying out because of wear as the 
exterior edge is approached. The edges of each 
tile tooth, arouna the central groove is strongly 
marked with minute ridges and flat cusps. 

Five large papillae extend along the bottom of 
the inside of the mouth, blunt, thick and creased, 
the largest 8 mm. in height. 

Color: Above uniform brown, with considerable 
dusky mottling on the posterior lobe of the 
pectorals. Below, creamy white, a border of 
dusky black beginning as an irregular series of 
mottlings at snout, and increasing in width and 
intensity backward to a maximum of 50 mm., 


Mantas and Chimaeras 

continued on to the pelvics, and dying out 
rapidly on the postero-inner border. Clasjiers 
dominantly dusky; entire under tail black. 

Local Distribution: Our specimens were har¬ 
pooned in shallow water at night near shore. 

Food: In the stomach of one were thirty snap¬ 
ping shrimps, squillas, and a few pieces of broken, 
strongly ribbed, cardium shells. 

Study Material: 2 specimens; Port Parker, 
Costa Rica; male and female; only one specimen, 
the type, saved, No. 26,120; total length 1,270 
and 1,524 mm.; Jan. 22, 1938; harpooned at 
night. 

Discussion: The following differences are listed 
between this new species of Dasyatus from the 
Pacific, and Dasyatus schmardae from Jamaica 
and the Atlantic side of the Panama Canal, 
which is apparently its closest relative. 

In our specimens the spiracles are almost three 
and a half (3.46) times the length of the eyes (not 
“more than twice the size of eyes”)- The inter¬ 
orbital space is 1.24 in preocular snout (not 1.5). 
The longest gill-slit is 26 mm., twice the length of 
eye (not “gill-slits small, longest about the length 
of eye”). Dorsal humeral tubercles are flat and 
inconspicuous in specimen No. 1, and almost 
absent in No. 2 (not “two greatly enlarged 
tubercles or bucklers”). Two large caudal spines 
in both specimens (not a single caudal spine). 
Tail is almost round in front of first spine (not 
“tail notably depressed in advance of spine”). 
Color white below with wide black border (not 
“color pale underneath”). Teeth are jiale and 
normally colored (not “teeth very dark”). 
Disk length into width in our specimens, one and 
one-tenth and one and one-fifth (not one and one- 
twentieth). 

Notes: Our preparateur ran the spine of one of 
the rays into his hand, and almost fainted with 
the pain. It was relieved with hot water and 
strong epsom salts and after twenty-four hours 
the pain and swelling were almost gone. 


Gymnura Van Hasselt, 1823. 
Gymnura marmorata (Cooper). 



Text-figure 25 


Range: San Diego to Peru (Mexico: Cedros 
Island, San Bartolome Bay, Felipe Bay, Gonzago 
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Bay, San Francisquito Bay, Mazatlan; Panama: 
Bay of Panama; Peru: Lobos de Afuera). 

Field Characters: Disk almost twice as wide as 
Jong; tail very short, one-third length of disk; no 
dorsal or caudal fins, but a slight fold of skin 
above and below tail; skin perfectly smooth; tail 
spine very small or absent. 

Color: The color and pattern show great varia¬ 
tion; typical pattern, disk marked with both 
light and dark spots on a tan ground darkened by 
seal-brown dots; the light spots are pale, almost 
lemon yellow, surrounded by a brown edging; 
dark spots are vandyke-brown; pel vies are 
reddish-brown; tail is mottled, sometimes banded. 

Size: Beaches a length of between four and 
five feet. 

Abundance: Reported as very common at Ma¬ 
zatlan and elsewhere. 

Study Material: None. 

References: Pteroplatea marmorata. Cooper, J. G., 
Proc. Calif. Acad. Set., 3, 1863: 112, fig. 25 (original 
description, figure, type locality, San Diego, California). 
Jordan, D. S., Sc Evermann, B. W., Fishes North and 
Middle Amorica, l, 1896: 87 (short description. Point 
Concepcion to Cedros Island). Starks, E. C., Sc Morris, 
K. L., Univ. Calif. Pub . Zool , 3, 1907: 173 (description, 
color, . . Santa Barbara to San Bartolome Bay, 

Lower California’*). Osbum, R. O., & Nichols. J. T., 
Bull. Amer. Mus. Nat. Hist., 35, 1916: 145 (Port San 
Bartholome, Lower California). Breder, C. M.» Jr., Bull. 
Bingham Oceanogr. Coll., 2, 1928. 12. figs. 11, 12 (ques¬ 
tions validity of P. crebrivunctata Peters and P. rava 
Jordan Sc Starks, color; Gulf of California: North of San 
Felipe Bay, San Francisquito, Gonzago Bay, flguros). 
Kumada, T , & Hiyama, Y., Marine Fish West Coast of 
Mexico, 1937: 23, Plate 2 (short description^ Plate). 

Pteroplatea crebripunctata, Peters, W. C. H., Monatsber. 
Akad , Wiss., 1869: 703 (original description; Mazatlan, 
Mexico). Jordan, D. S. & Gilbert. C. H., Bull. U. S. 
Fish Comm., 2, 1882 (1883). 105 (Mazatlan, Mexico). 
Jordan, D. 8„ Fishes of Sinaloa, 1895: 390 (description, 
color, common at Mazatlan, Mexico). Jordan, D. 8., Sc 
Evermann, B. W., Fishes of North and Middle America, 
I, 1896: 87 (description, “Gulf of California and south¬ 
ward”), Vol. 3, 1898: 2753 (amended description). 
Gilbert, C. H., & Starks, E. C., Fishes of Panama Bay, 
1904: 18 (note on proportions, Panama). Garman, S., 
The Plagiostomia, 1913: 413 (short description, color). 
Evermann. B. W., & Radcliflfe, L., Bull. V . 8. Nat. Mus., 
96, 1917: 16 (description, color; Peru- I A) bos de Afuera). 

Pteroplatea rata. Jordan, D. 8., & Starks, E. G., in 
Jordan, D. S., Fishes of Sinaloa, 1904 : 390 (original de¬ 
scription, color, type-locality, Mazatlan, Mexico; type 
No. 1587, Stanford University Museum) Jordan, D. S., 
Sc Evermann, B W., Fishes North and Middle America, 
3, 1898: 2754 (copy of original description). 

Pteroplatea sp., Kumada, T., Sc Hlyaraa, Y., Marine 
Fish Pacific Coast Mexico, 1937: 23, Plate 57 (short 
description, figure). 


Urotrygon Gill, 1863. 

Key to species of the tropical eastern Pacific. 6 
la. No enlarged spines or tubercles on the median 
line of the back; upper surface of the disk 
closely beset with short prickles, largest on 
the back. 

2a. Length of disk about equal to width of disk. 

mundus . 

2b. Length of disk 1.2 in width of disk.. binghami. 

• This key, adapted and extended from that given by 
Meek Sc Hildebrand, (1923), should be used with great 
caution. The species of eastern tropical Pacific Urotrygon 
are poorly known from a small number of specimens, 
and in those species where a larger number of specimens 
have been taken, them is considerable variation. On the 
Eastern Pacific Expeditions only one specimen of the 
genus was taken; this helps very little in elucidating the 
problems of the species of tho genus. As an aid to future 
students we give the original descriptions of each species, 
plus the references that refer to the eastern tropical 
Pacific. 


lb. One to 8, or a continuous series of spines, on the 
median line of the back and the base of the 
tail (wanting in very young); skin smooth or 
less prickly. 

3a. A continuous series of spines on the median 
line of the back, extending from shoulder 
to caudal spine; skin with short prickles. 

astcrias, 

3b. No continuous series of spines on the median 
line of the back; spines sometimes present 
in a group on the middle of the back, or on 
the tail, 

4a. One to three strong spines on the middle of 
the back . 

5a. Spines present on the tail immediately 


before the caudal fin. chilensis. 

5b. No spines on the tail before the caudal 
fin... goodei . 


4b. No sharp spines on middle of back; one to 
9 sharp spines at base of tail in advance 
of caudal spine; skin smooth, .aspidurm. 

Urotry&on aspidurus (Jordan & Gilbert). 

Range: Panama Bay. 

Copy of original description: “Color plain 
brown; upper side of l>ody and tail white. 

“Disk very slightly longer than broad, its 
length very little less than length of tail; anterior 
margins of disk nearly straight, the anterior tip 
abruptly projecting as an exserted, narrow, 
triangular prominence rounded at its end; length 
of exserted part about as long as the width of its 
base, and from half to two-thirds the interorbital 
width, it being longer and sharper in a male 
specimen, in which also the anterior margins of 
the disk form a less obtuse angle; distance from 
eye to tip of snout about one-third length of the 
disk. Eyes very small, much smaller than the 
large spiracles, their diameter Jess than half 
interorbital width. Width of mouth 21 2 in 
distance to tip of snout. Nostrils directly in 
front of mouth; nasal folds forming a broad con¬ 
tinuous flap, the edges of which are slightly 
fringed. Ventrals projecting a little beyond 
outline of disk. Caudal spine very large, its 
length a little more than twice interorbital width 
(in a large female specimen duplicated ? and as 
long as from eye to tip of snout), its insertion 
well in front of middle of tail. Caudal fin long 
and low, the lower portion longer, beginning 
nearly opposite tip of caudal spine. Depth of 
tail with the caudal fin, about half interorbital 
width. 

“Skin entirely smooth, with the exception of a 
series of strong broad-rooted spines or bucklers 
on the upper part of the tail in front of caudal 
spine, and sometimes a series of minute sand-like 
prickles on snout, and on median line of body. 
These latter are present only in a large female 
specimen, which also has 8 spines on the tail 
instead of 2 as in the others. These spines are 
straight, sharp, directed backwards, their height 
about equal to width of base which is somewhat 
longer than diameter of pupil. 

“This species is not uncommon in the Bay of 
Panama, and is brought into the market in 
company with Urolophus mundus . Three spcci- 
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mens were obtained, the largest about 18 inches 
in length.” 

Gilbert & Starks (1904, p. 16) made corrections 
and additions to this description and described 
embryos, and Garman (1913, p. 405) speaks of 
the relationship of U. ckileims to this species. 

References: Urolophus aspidurus, Jordan. D, 8., & 
Gilbert, C. H., Bull. U. S. Fish Comm., 1, 1881 (1882): 
306, 307 (original description, type locality, Panama 
Bay). Gilbert, C. H., & Starks. K. 0., Fishes of Panama 
Bay, 1904: 16 (description, adult and embryos, Panama 
Bay, abundance). Garman, S., Bull. Mus. Comp. Zool., 
46 (12) 1906. 229 (Panama). Kendall, W. C., & Rad- 
clifTe, L., Mem . Mus. Comp. Zool., 35 (3) 1912: 80 
(Panama Bay). 

Urotrygon aspidurus, Garman, 8., The Plaglostomia, 
1913:405, PI 69 (numerous specimens, Panama, “ Hardly 
to be separated from U. chilensis Glinther, 1871, 
figure of skeletal cartilages). 

Urotrygon asterias (Jordan k Gilbert). 



Range: Mexico and Panama. (Mexico: Ma- 
zatlan, Acapulco, and “west coast of Mexico”; 
Panama: Bahia Honda, Naos Island, Panama 
Bay.) (Illustration after figure of U. mnndus, 
Garman, 1913, 210 mm.) 

Copy of original description of U. asterias: 
‘'Disk almost round, a little broader than long; 
its length just about equal to length of tail. 
Anterior margins of disk nearly straight, the tip 
acute, slightly exserted, mucii less prominent 
than in U . aspidurus, longer in the male specimen 
than in the females. Distance from eye to tip of 
snout, about one-fourth length of disk and a 
little more than twice interorbital width. Inter¬ 
orbital space somewhat concave. Eyes small, 
much smaller than the large spiracles, the diam¬ 
eter about half the interorbital width. Width of 
mouth 2 1 /6 in distance from tip of snout. Teeth 
conic and sharp in the males, blunter and some¬ 
what pavement-like in the females. Nostrils 
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directly in front of angles of mouth; nasal folds 
forming a broad continuous flap, the edges of 
which are slightly fringed. 

“ Ventrals projecting a little beyond outline of 
disk. Caudal spine very long, somewhat longer 
that! snout, its insertion considerably in front of 
middle of tail. Caudal fin moderate, the upper 
lobe deepest, inserted opposite tip of caudal 
spine, the lower lobe beginning farther forward, 
the depth of the tail with caudal fin, about half 
the interorbital space. 

“Skin above everywhere rather sparsely 
covered with small stellate prickles, these larger 
and more numerous toward the median line of 
the back and head; wanting on the ventral fin. 
Males and females about equally rough. Median 
line of back with strong, sharp recurved spines, 
18 to 32 in number, extending from the shoulders 
to the front of the caudal spine, these usually 
Incoming much larger and sharper backward, but 
the largest much smaller than the spines in U. 
aspidurus. 

“Color, light brown, without distinct mark¬ 
ings; tail, faintly edged with dusky; lower side 
white. 

“This species is not rare at Mazatlan, where 
it is known as Raia. It is also occasionally taken 
at Panama. 

“Three females and one male specimen, from 
12 to 16 inches in length, were brought from 
Mazatlan, and one young male from Panama.” 

Copy of original description of Urotrygon 
rogersi: “Disk broader than long by a distance 
two and a half times the interorbital width; 
anterior margins of disk nearly straight, the tip 
of snout projecting; snout from eye three and 
three-quarters in length of disk; eyes little 
smaller than spiracles; width of mouth two and 
a half times in preoral part of snout; caudal spine 
inserted in front of middle of tail. Skin with 
minute prickles on margin of pectorals and on 
middle of back, leaving smooth areas near middle 
of pectorals and over branchial arches; 16 to 20 
large spinules along median line of back and tail. 
Color, plain brown; caudal fin darker, edged 
with white. 

“This sjiecies differs from Urolophus asterias 
in having a wider disk, more acute snout, much 
smaller prickles, and fewer spinules on back and 
tail. 

“Three specimens obtained in the Astillcro 
(Mazatlan), the longest is 18 inches in entire 
length.” 

Concerning this type which is in the collection 
of Stanford University, Dr. G. S. Myers writes 
as follows: 

“The holotype of Urolophus rogersi is a female 
with the following present dimensions; total 
length 430 mm.; width of disk 280; snout tip to 
end of pelvic 238; tail length from anus 220; inter- 
ocular 28; snout, left orbit to tip 68; between 
lower angles naso-labial flaps 25 mm.” 

The single small specimen of Urotrygon in our 
collection seems to fit best in this species. 
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Study Material: 1 specimen; seven miles west 
of Chami>erico, Guatemala; Station 197:D-2, 14 
fathoms, Dec. 15, 1937, male, total length 148 
mm., Cat. No. 27,520. 

Disk almost circular, anterior margins straight, 
snout considerably produced; tail from base to 
spine strongly depressed; claspers developed well 
beyond pelvics; disk above generally but rather 
sparsely covered with very fine, sharp spines, 
especially abundant near, and actually along 
edge of anterior margins (except along extreme 
snout), on head and around eyes; these spines 
are almost absent from mid-back area, of mid¬ 
disk to tail; a series of low, blunt spinules, just 
visible above skin, from base of tail to spine, with 
numerous small spines down sides of tail, and 
generally over dorsal surface; dorsal portion of 
caudal fin with two lateral rows of spinules, and 
an irregular row near and along dorsal edge; 
ventral portion of caudal fin smooth; disk below 
smooth, but marginal spines visible. Caudal 
spine long and slender; the tip for an extent of 2 
mm. is smooth; this is followed by about 18 
strong, sharp barbs, extending for half the total 
length of the spine. Teeth in about twenty 
transverse rows, each with a wide, transverse 
base, and a tall, slightly tapering, stout cusp, 
curved slightly backward; two small, reserve 
teeth lying obliquely at the posterior base of 
each erect tooth. Anterior oral velum with 
about thirty-five papillae. Eyes very small, 
black. 

Measurements: Percentages in total length; 
total length, 148 mm , disk length, 75 mm., 
(50.7); disk width 83 mm. (56); tail length, 80 
mm. (54); base of tail to spine, 30 mm. (20.2); 
snout to eye, 26 mm. (17.6); snout to mouth 22 
mm. (14.9); snout to nostril, 18 mm. (12.2); 
snout to 1st gill, 35 mm. (23.6); interorbital, 11 
mm. (7.4); intemarial, 10 mm. (6.75); mouth 
width, 9 mm. (6); eye, 2 mm. (1.35); spiracle, 
2.9 mm. (1.95); interspace of 1st gills, 21 mm. 
(14); interspace of 5th gills, 18 mm. (12.2); 
spine length, 29.3 mm. (19.7). Teeth: base 
width .43; cusp height .23; height whole tooth .3 
mm. Tail: half way between base and spine, 7 
mm. wide and 4.4 mm. deep. 

Color: Uniform dark buffy-brown above; 
white below. 


References: Urolophus asterias, Jordan, D. S„ & Gilbert, 
C. H.. Proc. U. 8. Nat. Mus. t 5,1882 (1883). 579 (original 
description, Mazatlan and Panama). Jordan, D. 8 . 
Fishes of Sinaloa, 1895: 388 (Mazatlan, Mexico, very 
common). Kumada, T., & HJyama, Y., Marine Fish 
West Coast Mexico, 1937* 22, Plate 56 (brief description, 
figure). 

Urotryoon asterias, Meek, S. K., & Hildebrand, S. F., 
Marine Fishes of Panama, 1, 1923 83 (description of 
adults and embryos, discussion). Breder, C. M.. Bull. 
Bingham Oceanogr, Con., 2 (1), 1928 11, fig. 8 (Bahia 
Honda. Panama: figure). 

Urolophus mundus , Gilbert, C H., & Starks, E. C., 
Fishes of Panama Bay, 1904* 10 (Panama: not of Gill). 

Urotrygon mundus , Garman, 8 ., The Plagiostomla, 
1913: 406. Plate 80, figs. 1, 2 (in part). 

Urolophus rogersi , Jordan, D. 8 ., & Starks, E. C., in 
Jordan, D. 8., Fishes of Sinaloa, 1895: 388 (original 
description; type locality Mazatlan* Mexico; type No. 
1700, Stanford University Museum). Kendall, W. C., 
& Radcliffe, L., Mem. Mus. Comp. Zool., 35, 1912: 80 
(short description, Acapulco, Mexico). 

Urolophus ®j>„ Kumada, T., & Hlyama, Y., Marine 
Fish Pacific Coast of Mexico, 1937: 22, Plate 56, fig. B. 
(figure). 


Discussion: The figure of Kumada & Hiyama 
is included in the species principally because of 
the statement in Meek & Hildebrand (1923: 83) 
that the “wing-like expansion is proportionately 
greater in the adult than in the young.” 

Urotrygon binghami Breder. 



Range: Mouth of Colorado River, Gulf of 
California, in 19-14 fathoms. 

Copy of original description of Urotrygon 
binghami: “Type No. 1019 Bingham Oceano¬ 
graphic Collection. Total length 190 mm. 

“Disk somewhat angular, broader than long, 
length 1.2 in breadth; the anteriolateral margins 
slightly convex to directly in front of eyes where 
they become concave to meet at the rather 
produced tip of snout; the nosterio-lateral 
margins strongly convex; interorbital space 2 2 
in preocular part of snout: spiracles a little 
larger than eyes and placed immediately behind 
them; mouth slightly curved, 2.7 in preocular 
part of snout; teeth pointed, small, diamond 
shaped; tail somewhat shorter than disk, 1.2 in 
disk; caudal fin low and long, pinnaform, extend¬ 
ing on tail, 2.7 measured from tip to vent; spine 
inserted a little more than an eye’s diameter 
nearer to vent than to tip of tail; tail strongly 
depressed, but with no lateral keels; ventral fins 
broad, with posterior margins continuing curve 
of pectorals; skin smooth, no distinct prickles 
anywhere but with small light points that suggest 
the possible development of them at a greater 
size. See Figures 6 and 7. 

“Coloration—Nearly uniform grayish tan 
above, light below with numerous sub-dermal 
dark splotches. Caudal fin dusky, edged with 
light. There are a few light dots on snout and 
wings and a few dark blotches irregularly placed. 

“Tliis form is closest to U. mundus Gill but 
differs prominently in the much broader disk, the 
shorter tail, the more prominent snout, the curve 
of the ventr&ls and in other minor details. It 
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also differs from U. mundus in the lack of 
prickles, which, however, it may develop at 
greater size and from U. asterias (Jordan & 
Gilbert) in the lack of a median row of spines 
which would surely be evident at this size.” 
(Illustration after Breder, 1928, 190 mm.) 


(origi 

rellp 


and Shoal Point, Rio Colorado; type No. 
Bingham Ooeanogr. CoU., Yale University;. 


1019, 


Urotrygon chilensis (Gunther). 



Range: Chile (extralimital). 

Copy of original description: 4 ‘Disk broader 
than long; snout a little projecting; tail longer 
than the disk. Disk smooth, but with spines 
along the median line, viz., three in a single 
series in the middle of the back, and two on the 
tail, in front of the serrated spine. No rudimen¬ 
tary dorsal fin. Upper parts nearly uniform 
brownish, with a few very indistinct darker 
specks. 

“Distance of the extremity of the snout from 
the vent—434 inches. 

“Distance of the extremity of the tail from the 
vent— 5% inches. 

“Greatest width of the disk—634 inches. 

“One example from the Geoffroy Museum, is 
in the collection of the British Museum.” 

The description by Garman (Plagiostomia, 
1913:406) is practically identical with the above. 
He adds however, “Gunther’s figure so closely 
represents the species later described as U. 
aspidurus , differing mainly in the anterior posi¬ 
tion of some of the tubercles, as to raise doubt of 
the validity of that species.” (Illustration after 
Gttnther, 1871, 256 mm.) 


Reference: Urolophus chilensis. Gtinther, A., Proc. Zool. 
Soc . London , 1871: 653, Plate 53 (original description, 
figure, type-locality, Chile). 

Urotrygon chilensis , Garman, S„ The Plagiostomia, 
1913 : 405 (description; possibility of U. aspidurus being 
the same as chilensis). 

This description of this extralimital species is 
included because of Carman's note as to its 
relationship to aspidurus. 


Urotrygon goodei (Jordan & Bollman). 

Range: Panama and Ecuador. (Panama: 10 
miles 8. of Pearl Islands; Ecuador: St. Helene 
Bay). 

Copy of original description: “Diagnosis.—Ap¬ 
proaching Urolophus halleri and nebvlosus , from 
which it is separated by the presence of a strong 
spine on the middle of the back, by the more 
angular outline, the narrow ventrals, and the plain 
coloration. 

“Type: No. 41,150, U. S. National Museum. 

“Hab.—Pacific Ocean, off coast of Colombia: 
8° 06' N., 78° 51' W. 

“Description.—Disk (to posterior base of 
pectorals) broader than long by a distance equal 
to snout and half eye; anterior margins of disk 
very slightly convex from in front of eyes out¬ 
wards. Snout with its tip exserted and sharply 
pointed, its length 3% in disk to base of pectorals. 
Eye about equal to spiracle, 334 hi snout. 
Margin of spiracles not denticulated. Interor¬ 
bital area scarcely concave, its width 2 in snout. 
Width of mouth 2 in preoral part of head. Nasal 
fold concave liehind, its edge fringed. Ventrals 
projecting considerably beyond disk, their length 
(from anterior margin of vent backwards) 134 in 
their breadth. Caudal spine large, its length 
equal to snout and half eye, its margin with 8-10 
sharp forward-projecting spinules; its insertion 
anterior to middle of tail measured from pec¬ 
torals, its tip reaching front of caudal. Caudal 
fin (measured from end of spine) equal to snout 
and eye. Length of tail greater than that of disk 
by a distance equal to eye and spiracle. Body 
(in young specimens) entirely smooth except for 
the presence of one (or two) sharp spine on 
middle of back. Color plain brown, paler toward 
margins of disk; no spots or distinct markings; 
under side not mottled; caudal dark above, 
margined with i>ale. 

“The above description was taken from a 
young female specimen 7 inches long. This 
specimen has the snout wholly smooth. Another, 
about an inch shorter has two spines on middle of 
back and the snout prickly. Both specimens 
were dredged at Station 2795, with the preceding 
species. The snout is wholly smooth in the type.” 


References: Urolophus goodei , Jordan, P. 8., & Bollman, 
O. R.. Proc. U. 8. Nat. Mus ., 12, 1889 (1890): 151 (oriK- 
inai description, type locality. Albatross station 2795, 
8° 00' 30" N., 78* 5r W„ 10 miles south of Pearl Islands. 
Bay of Panama, In 33 fathoms; type No. 41,150, U. 8, 
Nat. Mus.). Boulanger, G, A., Boll. Mus. Univ. Torino , 
13,1898:1 (St. Ilelene Bay, .Ecuador). 
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Urotrygon mundus Gill. 



Range: Mexico, Costa Rica, Panama. (Mexico: 
Port San Bartholome, Estaban Island; Costa 
Rica: Puntarenas; Panama: Panama.) 

Copy of original description: “The disk is 
orbicular with a slight linguiform projection in 
front and with the pectoral fins behind broadly 
rounded. The distance of the snout from the 
hinder margin of the pectorals equals the width 
of the disk. The tail (behind the anus) is rather 
longer than the body (in front). The spine is 
inserted Itehind the middle of the tail, and is 
about as long as the distance l>etween the snout 
and the nostrils. The ventral fins extend out¬ 
wards, the rectilinear anterior margin tending 
little backwards, and the external margins are on 
a line with and complete the outline of the disk. 
The posterior margin in the male is nearly 
rectilinear, while in the female it is slightly 
convex, especially towards the inner angles. The 
upper velum is very sinuous and fimbriated. 
The teeth are pointed and pyramidal. The 
spiracles are oval, interrupted at the intero- 
anterior angle by the eyes, and the margins are 
entire and well defined. The skin is beset with 
numerous, small, stelliform tubercles* larger on 
the dorsal region. The color is a uniform dark 
brown above. 

“Two small specimens, male and female, are in 
the collection. 

“The present species would, by many zoolo¬ 


gists, be referred to the genus Urolophus of 
Muller and Henle, but it would appear that it 
and the U. torpedinus should be separated from 
that genus and referred to a distinct one, dis¬ 
tinguished by the rounded and not angular out¬ 
line, the longer tail and posterior insertion of the 
spine, and especially the acute teeth.” (Illus¬ 
tration after Meek & Hildebrand, 1923,220 mm.) 

U. asterias and U . rogersi have been synony- 
mized under this species. Meek & Hildebrand, 
however, give evidence to show that asterias and 
mundus are distinct. 

References: Urotrygon mundus. Gill, T., Proc. Acad. 
Nat. Sci. PMla ,, 1863: 173 (original description; type 
locality Panama; type lost). Garman* 8., The Pl&gfo- 
stomia, 1913: 406, Plate 30 (in part; plate). Osburn, R. 
C., & Nichols, J. T.. Bull. Amer. Mus. Nat. Hist., 85, 
1916: 146 (Lower California: Port San Bartholome, 
Estaban Island). Fowler, H. W., Copeia, 39. 1917: 3 
(Costa Rica- Puntarenas). Meek, S. E., & Hildebrand, 
8. F., Marine Fishes of Panama, 1, 1923: 82, Plate 4 
(description, color, figure; not identical with asterias). 

Urolophus mundus , Jordan, I>. S., & Evermann, B. W., 
Fishes North and Middle America, 1, 1896. (short de¬ 
scription). Jordan, D. 8., & Evermann, B. W., Fishes 
North and Middle America, 3, 1898: 2762 (statement 
that mundus and asterias are identical). Gilbert, C. H., 
& Starks, E. C.. Fishes of Panama Bay, 1904: 16 (com¬ 
ments on identity of asterias, mundus and rogersi ; see 
under asterias). 


Vrobatis Garman, 1913. 

Key to tropical eastern Pacific species. 

la. Ashy gray, or brown, spotted conspicuously 

with black or dark brown. macvlata . 

lb. Brown in general color, not spotted with black, 
2a. Brown with large pale spots, the darker inter¬ 
spaces forming reticulations, two narrow 
pale bands around the whole disk. 

concentricus. 

2b. Plain brown, or with yellow dots and vermic- 
ulations, no pale lines around the disk. 

halleri. 


XJrobatis concentricus Osburn & Nichols. 

Reticulated Round Ray. 

(Plate III, Fig. 2). 

Range: Gulf of California south to southern 
Mexico. (Mexico: San Estaban Island, Inez 
Bay, San Lucas Bay, Port Guatulco.) 

Field Characters: Disk outline round; no dorsal 
fins but a well-developed caudal fin; skin smooth; 
a strong caudal spine; tail shorter than disk: 
color dark, with large, rounded, pale spots, ana 
with two pale lines bordering the disk. (Illus¬ 
tration from specimen No. 3&142,386 mm.) 

Color: The ground color is dark brown, broken 
everywhere into coarse reticulations by large, 
rounded, pale spots. They are arranged in two 
or three irregular rows around the mid-line of the 
disk, but they are different in each individual. 
Two, narrow, pale, unbroken bands, concentric 
with these spots, surround the outer area of the 
entire disk and extend on to the pelvics. Under 
side pale. 

Size: The largest ray thus far recorded is a 
male taken by us at Inez Bay, with a total 
length of 475 mm. 
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Lmal Distribution: All our s]>ecimeris were 
-peared at night in shallow water. 

Abundance: In Inez Bay we found these the 
most abundant of the smaller rays 

Food: Three individuals taken at Inez Bay had 
been feeding exclusively on small crabs. Two 
others had eaten polychaete worms. 

Breeding: The females, measuring from 325 to 
400 mm, had fully developed ovaries but no 
signs of eggs or young 

Study Material: 13 specimens; Mexico, Inez 
Bay, 11,6 males, 5 females (24,999) 204 to 475 
mm , April 13 to 16, 1936, speared at night. 
San Lucas Bay, female, (not saved) 460 mm. 
April 23, 1936, speared at night Port Guatulco, 
female (26,042, Photo S537) 385 mm , Dec. 3, 
1937, speared at night 

Reference* Urobatis conccntrUus, Osbum, R C , & 
Nichols, J. T. t Bull. Amer Mus. Nat Htst , 35,1916 144, 
flg 2 (original description, color, tjpe locality San Este¬ 
ban Island, figure, t>pe No. 6199, Amer. Mus. Nat 
Hist) 

Discussion: The only other recorded specimens 
are the type and three other individuals taken by 
the Albatross , at Esteban Island, in the Gulf of 
California on April 13, 1911 They were all 
males, and measured from 369 to 432 mm 

Urobatis halleri (Cooper). 

Little Round Sting Ray. 

Range: San Diego to Panama Bay (Mexico: 
Todos Santos Bay, San Francisquito Bay, 
Mazatlan, Colima, Acapulco; Panama: Panama 
Bay). 



Field Chaiadcrs: Disk outline round; no 
dorsal fins but a well-developed caudal fin; skin 
smooth; strong spine, tail shorter than disk; 
total length twentv inches or less Color plain 
dark brown, or with numerous minute dots, or in 
female with a few dark spots. (Illustration after 
Starks, 1918) 

Color: Variations in a lot of one hundred 
specimens; “Most are brown with small sjxits of 
yellow, very small on some, larger on others, 
smaller toward the margins, thickly strewn over 
the entire back and tad Less common \ariation 
arc the brown ones with the yellow m the form of 
vermiculations. Some are more yellow than 
brown.” (Garman, 1913) 

Size: The largest ray recorded is 521 mm. in 
length. 

Local Distribution: These rays are found lying 
on the bottom, nearly buried in loose sand or mud 
Abundance: In places the shallow waters are 
said to be almost lined with these small rays, 
which are very dangerous to fishermen. 

Food: Said to scoop out large holes in mud 
banks by waving the pectoral fins, eatmg the 
worms, crabs and small fishes thus exposed 
Breeding: Ovoviviparous; mating taking place 
in April, and the young, one to eight in number, 
are born in late July or August. Surks & Morris 
say that two embryos, nearly three inches long, 
taken from the oviduct, have v conspicuous flap 
extending back from the eye and upper edge of 
spiracle, and ending in a long, free point behind. 
Study Material: None. 
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References: Urolophus halleri . Cooper, J. G., Proc. Cal. 
Acad. Sci., 3, 1863: 95 (original description, San Diego, 
California). Jordan, D. S„ A Gilbert, 6. H., Bull U. 8. 
Fish Comm., 2, 1882: 106 (Mazatlan, Mexico). Jordan, 
D. 8., A Gilbert, C. B., Proc. U. S. Nat . Mus., 6, 1882 
(1883) 621 (Panama). Jordan, D. 8., A Evermann, B 
W., Fishes North and Middle America, 1, 1896: 80 
(short description, color). Gilbert, C, H., & Starks, E. C., 
Fishes of Panama Bay, 1904' 15 (notes). Starks, E. C., 
A Morris, K. h.. Unit. Calif. Publ. Zool , 3 (11) 1907: 172 
(color, embryos), Wilson. C. B., Proc. V . «S Nat . Mus., 
35, 1909; 447, 448 (copepod parasite). Kendall, W. C., A 
Radcliffe, I,, Mem Mus. Cornp. Zool, 35 (3J 1012' 80 
(Acapulco, Mexico). Wilson, C. B., Proc. U. S. Nat. 
Mus., 64 (17) 1925: 11 (parasitic copepod). Kumada, T. t 
A Iliyama, Y., Marine Fish Pacific Coast Mexico, 1937: 
22, Plate 55, tig. A. (short description, part, figures of 
female only). 

Urolophus nebulosus, Carman, 8., Proc. U. S. Nat. 
Mus., 8, 1885 (1886). 41 (original description, comparison 
with halleri; Colima, Mexico, type No. 7856, U. 8. Nat. 
Mus.). Evermann, B. W., A Jenkins, O. P., Proc. U. S. 
Nat. Mus., 14, 1891 (1892). 132 (similarity to halleri, 
color, embryos, measurements, Guaymas, Mexico); 
Jordan, D. B.. A Evermann, B. W., Fish North and 
Middle America, 1. 1806: (description, “ replacing 
halleri southward”): Gilbert, C. H., A Starks, E. C., 
Fishes of Panama Bay, 1904: 15 (no authentic record for 
Panama). 

Urobatis halleri, Garman, 8., The Plagiostomia, 1913: 
408 (description, color variation in one hundred speci¬ 
mens). Meek, S. E., A Hildebrand, 8. F., Marine Fishes 
of Panama, 1, 1923: 86 (comment on absence of recent 
Panama records, copy of Jordan A Evermann des., and 
of Gar man's comments on color). Breder, C. M.. Jr, 
Bull. Bingham Oceanogr. Coll., 2 (1) 1928: 12, fig. 10 
(8an Francisquito Bay, Gulf of California: figures). 
Barnhart, P. 8.. Marine Fish So. Calif., 1936: 14, fig. 38 
(ecological notes, figure). 

XJrolophus umbrifer, Jordan, D. 8., A Starks, E. C., in 
Jordan, D. 8.. Fishes of Sinaloa, 1895. 389 (original 
description; Mazatlan, Mexico). 

Urobatis nebulosus, Garman. 8., The Plagiostomia, 
1913: 403 (short description). 


Urobatis maculatus Garman. 


Spotted Round Sting Ray. 



Text-figure 32. 


Range: Gulf of California (Mexico: San Felipe 
Bay, Gonzago Bay, San Francisquito Bay, Inez 
Bay). 


Field Characters: Disk outline round; no 
dorsal fins, but a well-developed caudal fin; skin 
smooth; a strong caudal spine; tail shorter than 
disk; color, light brown with fifteen to thirty 
small, round, black spots scattered over disk, all 
smaller than eye. (Illustration from specimen 
No. 25,265, 247 mm.) 

Color: Light brown or ashy gray with many 
small dots of black, chiefly marking the openings 
of the lateral line system tubules; also a series of 
small dote along the sides of the tail, and on for a 
short distance along the disk; in some specimens 
a series of dots forming triangles along the inner 
edge of the pectorals. The dominant pattern is 
formed by a scattering of fifteen to thirty larger 
spots of black, all smaller then the eye, arranged 
in about three concentric lines around the disk, 
or so irregularly that this pattern is lost; below, 
creamy white. 

The colors of a fresh specimen, a male, 400 mm. 
long, as sketched by an artist, are given by 
Breder as follows: 11 The disk is edged by a reddish 
brown becoming lighter posteriorly and deepen¬ 
ing anteriorly to a chocolate on the entering 
angle. Inside of this and parallel to the edge 
runs a broken vandyke-brown band, darkest and 
widest across the snout. The central part of the 
disk is lighter and variously mottled with light 
tan, pale slate, and greenish-brown. The claspers 
are purplish and the caudal base anterior to the 
spine, is similarly suffused. Posterior to the 
spine and on the fin proper there is a slightly 
bluish cast. Below, the central part of the disk 
is a very pale tan and a faint olive tint.” 

Size: The largest ray of this species measured 
420 mm. in length. 

Dimensions: (in percentage of total length). 



Male 

Female 

Female 


24,997 

25.265 

25,265a 

Total length . 

272 mm. 

247 mm. 

270 mm. 

Disk length 

65% 

59 5% 

54.5% 

Disk width 

58 

58 7 

55.6 

Tail length 

46.5 

50 

45 6 

Snout to mouth 

12 5 

12 

12 

Snout to eye 

14 7 

13.8 

11 

Snout to nostril 

10.2 

9.7 

9.25 

Snout to end of pel vies 

63 5 

62 

61 

Snout to 1st gill-slit. 

22 4 

21 9 

21 

Jnterorblt&l. . . . 

5 9 

5 7 

5.5 

In tenia rial 

5.9 

6 

5.2 

Mouth width .. 

6.6 

6.5 

6.3 

Space between 1st gill-slits 

14.3 

11.8 

14 

Space between 5th gill-sUtfl 

9.2 

8 

9 


Food: Six individuals had been feeding on large 
polychaete worms, Leodice sp., and a scattering 
of amphipods. 

Study Material: 4 specimens. Mexico: Santa 
Inez Bay, two males, two females (24,997, 
25,265, 25,265a), length 242 to 276 mm., April 
13 to 16, 1936. Speared at night. 

References: Urobatis maculatus, Garman, 8., The 
Plagiostomia, 1913: 404 (original deaorfpMoa, Gulf of 
Califoraia). Breder, C. M., Jr., Bull. Bingham Oceanogr, 
Coll., 2 (1) 1928:12 (color; San Felipe Bay. Gonzago Bay, 
San Francisquito Bay); Beebe, W\, “Zocc Venture, 
1938: 120, 300 (Santa Inez Bay, Gulf of California). 

Urolophus halleri, Kumada, T., A Hi yam*, Y„ Marine 
Fish West Coast Mexico, 1937; 22. part; Plate 55. fig. B 
(description, in part, figure). 
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Discussion: Kumada & Hiyama’s figure of the 
supposed male of U . hdleri is identical with a 
male in our collection here assigned to maculatus. 
We have similarly patterned males and females 
of maculatus. 


Family Aetobatidae. 

Key to tropical eastern Pacific genera. 

la. Teeth pavement-like, forming a flattened plate: 

more than three rows in each jaw, the central 
row much wider than the others. 

2a. Side of head not free from the pectoral fins; 
upper surface of body and wings uniformly 
colored, without spots or bands.. A etobatis. 

2b. Sides of the head free from the pectoral fins; 
upper surface of body and fins with white 
bands and spots. Pteromylaeus . 

lb. Teeth pavement-like, forming a flattened plate; 

in a single row in each jaw; upper surface of 
body with white spots. Stoasodon. 


Aetobatus Blainville, 1816. 7 
Aetobatus califomicus (Gill). 



Text^figure 33. 


Range: Cape San Mendocino, California, south 
to Magdalena Bay, Lower California (Mexico: 
Port San Bartholome, Turtle Bay, Santa Maria 
Bay). 

Field Characters: Large rays with pointed pec¬ 
toral fins; tail whip-like without a caudal fin; a 
single dorsal fin in front of the caudal spine; 
spine often duplicated; a fleshy flap around the 
front of the head formed by the joined “cephalic 
fins”; te eth large and flat, pavement-like, a row 

7 We are unable to supply a key to differentiate the 
two forms of Aetobatus recorded here. A review of the 
illustrations of the Californian species demonstrates that 
Carman’s key is useless, while the isolation of the species, 
over two thousand miles between the ranges of the two, 
demands that the two forms be maintained as separate 
species until proved otherwise. 


Mantas and Chimaeras 

of large teeth in the center with rows of smaller 
ones at the side. Dark brown, bronzed or 
greenish; lower surfaces white, darker toward the 
tips of the fins. (Illustration after Walford, 
1935.) 

Svtte: Grows to about 4 feet wide and to a 
weight of 150 pounds. 

Study Material: None. 

References: Rhinoptera vespertilio , Girard. C. F.. Proc. 
Acad . Nat. Sci. Phik., 8 , 1856: 137 (Tomales Bay. Cali¬ 
fornia: not Myliobatis vespertilio Sleeker). 

Myliobatis califomicus, Gill, T. N., Ann . Lye . Nat. 
Hist., New York , 8, 1865: 137, after Girard. Osburn, R. 
O., & Nichols, J. T u Bull. Amer. Mus. Nat. Hist., 35, 
1916: 145 (Mexico: Port San Bartholome, several speci¬ 
mens; Santa Maria Bay, one specimen). Wales, J. H„ 
Copela, 1932: 163 (Mexico: Turtle Bay, 5 seined). 
Walford, L. A., Die. Fish and Game, California , Fish 
Bull., 28, 1931: 40, fig. 18 (diagnosis, notes, figure, grows 
to 4 feet). Walford, L. A., ibid, 45, 1935: 61, fig, 56 
(diagnosis, general notes, figure attains a weight or 150 
pounds). Barnhart, P. H„ Marine Fishes of Southern 
California, 1936: 14, fig. 39 (short description, range, 
figure). 


Aetobatus peruvianus (Gamma). 8 



Text-figure 34. 


Range: Peru (Paita, Callao). 

Field Characters: Similar to those of A. call - 
Jomicus. (Illustration after Garman, 1913, 600 
mm.) 

Size: The largest recorded 8f>ecimeii is 26 
inches across the disk. 

Study Material: None. 

References: Myliobatis peruvianus , Garman, S., The 
Plagiostomla, 1918: 430, Plate 36, fig. 4-6, Plate 55, fig. 
8, Plate 73, fig. 2 (original description: type locality, 
evidently Peru oy the specific name; figure of entire fish, 
head from below, teeth, anterior skeleton; type in Mus. 
Comp. Zool. 7). 

Myliobatis califomicus , not of Gill. Evermann, B. W., 
& Radcliffe, L., Bull. V . A\ Nat. Mus., 95. 1917: 17 
(Peru; Paita and Callao; short description of 580 mm. 
and 715 mm. fishes, color). Abbott, J. F., Proc. Acad. 
Nat . Sci. Phi la., 1899: 331 (local name, few measure¬ 
ments of a specimen from Callao, Peru. Range stated as 
“Cape Mendocino, San Diego, Callao”). 

• More than 2000 miles separate the ra*ige of this form 
from that o t califomicus. It is evident that no idea can 
be obtained from the literature as to the relationships of 
these two forms. Such characters as were used by 
Garman (1913: 428) for the differentiation of the Pacific 
forms, fail to adequately distinguish them. This is 
especially evident wnen illustrations of califomicus such 
as those given by Walford and Barnhart are studied, and 
compared with Carman’s description and keys. 
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Pteromylaeus Garman, 1913. 
Pteromylaeus asperrimus (Gilbert). 



Text-figure 35. 


Range: Panama Bay. 

Field Characters: A large ray with wide, 
pointed wings, projecting snout; sides of the 
head free from the pectoral fins; teeth in more 
than three rows in each jaw; tail whip-like with 
a spine near the base. Upper surfaces brownish; 
anterior part of the pody and fins with narrow 
transverse bars of bluish-white which break up 
into a series of spots toward the outer margins of 
the fins, the posterior bars also breaking up into 
spots towards the mid-line of the body, posterior 
edge of wing with bluish white spots. (Illustra¬ 
tion after Gilbert & Starks, 1904, width of disk 
345 mm.) 

Size: Grows to a width of 790 mm. across the 
wings. 

Study Material: None. 

References: Myliobaits asperrimus, Gilbert, C II, In 
Jordan, D. S . & Evermann, 31. W.. Fishes North and 
Middle America, 3, 1898 2754 (original description, 
dimensions; tjpe locality, Panama- Type, No. 11,895, 
Stanford University). Gilbert, C li., & Staiks, E. C , 
Fishes of Panama Bay, 1904 19, Plate 3, fig 6 (descrip¬ 
tion. measurements; ilgure, Panama This is a copy of the 
original description 'with punctuation and arrangement 
somewhat altered). Garman, 8 ., Bull. Mus. Comp Zool, 
46, 1906 229 (Panama). 

Pteromylaeus asperrimus , Garman. 8., The 1‘lagio- 
sfcomia, 1913 438 (description, color: Panama) Meek, 
S. E., & Hildebrand, S. F., Marine Fishes of Panama, J, 
1923: 92 (Panama, description, color; no specimens). 


Stoasodon Cantor, 1849. 

Stoasodon narinari (Euphraeen). 

Range: Tropical Atlantic and Pacific. In the 
eastern tropical Pacific known from Mexico 
(Gulf of California, “west coast,” Mazatlan), 
Costa Rica (Golfito, Gulf of Dulce), Panama 
(Panama Bay), and tne Gal&pagos Islands (Hood 
and Seymour). 

Field Characters: A large flattened ray with 
pointed wings; tail long, whip-like, without a 
caudal fin; a spine (occasionally two) at the base 
of the tail. Teeth in a single row, forming a long 
flattened plate, placed lengthwise in the lower 
jaw, crosswise in the upper. Brown to gray to 


black above, the entire body and head covered 
with many round, sometimes elliptical, white or 
yellowish spots; ventral side white, bordered 
sometimes with darker toward the tips, (Illus¬ 
tration after Jordan & Evermann, 1900.) 

Color: (730 mm.-wide specimen from South 
Seymour Island, Galdpagos Islands). Black 
above, covered with numerous grayish white 
spots narrowly bordered with pale grayish-blue, 
which average 8 mm. in diameter and aro about 
12 to 15 mm. apart. Cephalic fins black; fore¬ 
head and suborbital area mottled gray and white. 
Under parts white except for a narrow grayish- 
black irregular border to the cephalic lobe, and 
the outer half of each pectoral fin which is irregu¬ 
larly mottled and marbled with grayish-black. 
This pattern extends faintly and narrowly along 
the anterior edge almost to the head and more 
broadly towards the rear edge of the fin towards 
the vent. Each pectoral is broadly edged with 
black along the distal half of the anterior and all 
of the posterior edge. Proximal part of the tail as 
far as the spines with oblique gray lines alternat¬ 
ing with white. Dusky mottling between the gill 
slits. Iris brownish-black, shading to grayish- 
white around the pupil. 

Size: Grows to 12 feet long, 7 5 feet across the 
disk, and an estimated weight of 450 pounds 
An 11-pound ray measured 730 mm. across the 
disk. 



Study Material: 4 specimens. Gal&pagos 
Islands: Seymour Island, 1 (5231), 730 mm. 
across the disk, April 5, 1925, harpooned. 
Galdpagos Islands; Hood Island, 3 (5,503, 5,504, 
5,505), 490, 495, 520 mm. across the disk, April 
26, 1925. 

One ray about 12 to 15 inches across the disk 
was seen close to Bhore in shallows at Golfito, 
Gulf of Dulce, Costa Rica, March 7,1938. 

References . Raia narinari , Euphrasen, B. A., Vedensk., 
Akaa. Nya. Handl 11, 1790. 217 (description, after 
Marcgrave). 

AHobatis narinan , Gtinther, A., Oat. Fishes Brit. Mus., 
8, 1870 492 (synonymy in part; short description; Bay 
of Panama). Garman, S., Bull. Mus . Comp . Zool., 46, 
1906 230 (Panama). Gtinther, A., Trans. Zool 3oc. 
London, 7, 1868 491 (Panama Bay; brief comparison 
with Atlantic example). 
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AVtobatus narinari, Jordan, D. S., Fishes of Sinaloa 
1896: 891 (Mexico: Mazatlan; comparison with descrip¬ 
tion of A, laticeps , which is questioned as having come 
from the west coast of America; copy of original descrip¬ 
tion of laticeps; mentions that species has been taken 
several times in the Gulf of California). Gilbert, C. H., 

& Starks, E. C., Fishes of Panama Bay, 1904: 18 (de¬ 
scription; comments on Jordan’s 1895 paper; size of spots 
variable, and length of tail unreliable). German, 8., The 
Plagiostomla, 1913: 441, Plate 49, fig. 1-3; Plate 54, fig. 

4; Plate 55, fig. 9; Plate 57, fig. 4; Plate 73, fig. 4 (synony¬ 
my. description, color, figures of teeth, perns, vertebrae, 
heart and skeleton). Breder, C. M., Jr., Bull. Bingham 
Oceanogr . Coll, , 2, (1), 1928: 13 (specimen from unknown 
locality on west coast of Central America and Mexico). 

Stoasodon narinari, Jordan, 1). S., Sc Gilbert, C. II., 
Bull. U. S. Nat. Mus., 16, 1882: 879 (“. . . The 

species is abundant on the west coast of Mexico, from 
which region the typical specimen was most likely ob¬ 
tained”). Clark. fC W., Proc. Cal. Acad. ScL, (4) 21 
(29), 1936: 395 (Gal&pagos Islands; sight record only). 

Stoasodon laticeps , Gilbert, O. IT., Bull . U. S. Fish 
Comm.. 2, 1882 (1883): 105 (Mazatlan, Mexico). 

Myllobatis narinari , Lay, G. T., A Bennet, E. T., 
Zoology of Captain Beechey's Voyage, London, 1839: 56 
(Panama). 

AetobcUus laticeps, Jordan, D. S., Sc Kvermann, B. W„ 
Fishes North ana Middle America, 3, 1898: 2753 (syn- 
onymizos laticeps with narinari; description of speci¬ 
mens from Mazatlan, Mexico). 

Pteromylaeus sp., Walford, L. A., Marine Game Fishes 
of the Pacific Coast, 1937: Plate 26, fig. c (figure). 

Discussion: All specimens seen by us were 
small and taken in March or April. However, 
the umbilical cord in these specimens has com¬ 
pletely disappeared and there is no indication 
that these fish might recently have been bom. 

The sjiecimen figured by Walford (1937) under 
the name of “Pteromylaeus sp.” is considered a 
synonym of this species. Walford informs us 
that the specimen was not preserved. 


Family Rhinopteridae. 

Rhinoptera (Kuhl) Cuvier, 1829. 

Rhinoptera steindachneri Evermann & Jenkins. 



Text-figure 37. 


^ Range: Mexico (Gulf of California from Rio 
Colorado, and Guaymas, and an unknown 
locality along the coast of Mexico), Gal&pagos 
Islands (Chatham Island). 

Field Characters: Medium sized rays with 
pointed wings and whip-like tail with serrated 
spine at the base; snout bilobed; upper surfaces 
dark gray, brown or black, lower surfaces creamy 
white, under the tips of the wings blackish. 
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(Illustration after Kumada & Hiyama, 1937, 646 
mm. across disk.) 

Size: Grows to a width of 710 mm. across the 
disk. 

Study Material: None. 

References: Rhinoptera steindachneri, Evermann, B. W., 
Sc Jenkins, O. P., Proc. U. S. Nat. Mus., 14,1891 (1892): 
130, Plate 1, fig. 1 (description, measurement of two 
specimens, color, figure, figure of teeth; type locality, 
Guaymas, Mexico; type No. 43,235, U. a. National 
Museum). Jordan, D. 8., & Evermann, B. W., Fishes 
North and Middle America, 1, 1896: 91 (copied descrip¬ 
tion, common name). Jordan, D. 8., Sc Kvermann, B. w.. 
Fishes North and Middle America, 4, 1900. figs. 38 and 
38a (copied figure of animal and teeth). Garman, 8., 
The Plagiostomla, 1913: 446 (description). Breder, C. 
M., Jr.. Bull. Bingham Oceanogr. Call., 2 (1), 1928 13 
(2 specimens from between San Felipe and Shoal Point, 
Rio Colorado, fn trawl at 10-14 fathoms). Kumada, T,, 
& Hiyama, Y., Marine Fishes of the Pacific Coast of 
Mexico, 1937: 24. plate 58 (brief notice; figure of upper 
and figure of part or lower surface). Fowler, H. W., Acad. 
Nat. Sd. Phila ., Monograph 2, 1938* 19 (description, 
color, specimen from Cliatliam ibland, Gal&pagos 
Islands). 

Family Mobulidae. 

Key to tropical eastern Pacific genera. 

la. Mouth inferior; teeth in both jaws. .. . Mobula . 

lb. Mouth terminal; teeth in lower jaw only. 

M anta. 

Mobula Rafinesque, 1810. 

Mobula lucasana Beebe & Tee-Van. 

(Plate IV, Fig. 1). 



Range: Han Lucas Bay, Lower California, with 
uncertain records from the coast of Costa Rica, 
and the Gulf of California. 

Field Characters: Rays with pointed wing-like 
pectoral fins, and with two fleshy apiiendages on 
the head; mouth on under surface of head; teeth 
in both jaws; black above, whitish beneath. 
(Illustration after Beebe <i r Tee-Van, 1938, 
1,035 mm. across disk.) 

Description: The following is a copy of the 
original description; 

“8kin smooth, no trace of rugosities or spines 
anywhere. Width across disk, 1,035 mm,; 
length from anterior margin of disk to posterior 
margin of the pelvic fin 584 mm. (anterior margin 
of the disk considered as being at the mid-line 
of the body, thus not including the cephalic 
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projections); cephalic fins extending forward 80 
mm., beyond the anterior margin of the disk, 
the distance between their tips approximately 
150 mm., distance from upper margin of the 
cephalic fin to lower margin of the fin when the 
fin is unfurled, 58 mm. Eye lateral, 17 mm. in 
diameter, its anterior margin 88 mm. from the 
tip of the cephalic fin. Spiracle oblique, 31 mm. 
posterior to the eye. Mouth inferior, 128 ram. 
wide, very slightly concave when viewed from 
below, the margin of the upper lip 40 mm. from 
the anterior margin of the disk. 

“Teeth in each jaw in a narrow band, each 
band extending 70 percent of the width of the 
mouth. Upper jaw with 80 transverse rows of 
teeth and 5 rows from back to front. Lower 
jaw with 97 teeth in a transverse series and with 
4 or 5 rowB from back to front. Teeth small, 
flattened, their surfaces slightly roughened, the 
posterior border with 2 to 5 dull, irregular points. 
A typical tooth in the center of the lower jaw 
measures J .2 mm. in width and .5 to .6 mm. in 
depth. 

“Mouth to transverse line of first gill-openings 
70 mm.; transverse distance between first gill- 
openings 133 mm.; transverse distance between 
last gill-openings 60 mm.; length of gill-slits of 
first four pairs of gill-openings 52 mm.; length of 
last gill-slit 37 mm. 

“Pelvic fins rather elongate, their tips extend¬ 
ing 31 mm. l>eyond the posterior tip of the 
pectoral, the inner margin extending backward 
farther than the outer, the fin nearly uniform in 
width, averaging 38 mm. 

“ Dorsal fin with its posterior one-fourth 
situated above the free portion of the tail, the 
base of the fin 57 mm., the height 46 mm. 

“Tail immediately beyond the dorsal fin 
flattened, the skin of its upper surface reticu¬ 
lated, the reticulations being in the form of 
minute low, raised ridges of skin, the upper 
margins of which are roughened and occasionally 
slightly ciliate. Although the area mentioned 
above has this j>eculiar specialized skin there is 
no trace of a spine or of the lieginnings of a spine. 
Tail beyond the expanded portion becoming 
attenuated near the tips of the pelvic fins, its 
diameter 50 mm. posterior to the tips of the 
pelvic fins Ixfing 3.5 to 4 mm. 

“Color: In life upper surfaces, including the 
area about the eye and the upper part of the 
cephalic fins, blackish-gray; lower surfaces 
whitish Incoming bluish-gray toward the tips of 
the wings, this color darkest on the anterior por¬ 
tion of the fins. Leading edge of undersurfaces 
of pectoral fin dusky, the posterior edges simi¬ 
larly colored but the band of color narrower. 
An oval, dusky spot near the posterior margin of 
the lower side of the pectoral fin, slightly nearer 
the pelvic fins than the tip of the pectoral. Tip 
of the cephalic fin black. 

“The preserved type has the underside of the 
body, anterior to the mouth, and a narrow band 
along the lower jaw as well as the entire inner 
surface of the cephalic fin, brownish-black.” 


General Habits: These fish were common at 
San Lucas Bay and about Cape San Lucas. A 
number of individuals were seen somersaulting 
in the air and striking the water in descent with 
a sound audible for considerable distances. 
Others, presumably this species, were seen in 
Santa Inez Bay, Gulf of California, and off the 
west coast of Costa Rica. 

Study Material: 1 specimen. Mexico: Cape 
San Lucas, 1 (24,793) the type of the species, 
1,035 mm. across the disk, Mar. 30, 1936. 

References: Mobula sp. Walford, L. A.. Marine Game 
Fishes of the Pacific Coast. 1937; Plate 26, fig. d. (figure 
of upper surfaces). 

Mobula lucasana, Beebe. W., & Tee-Van, J., Zoologica , 
23 (15), 1938: 229-301. Plate 1. figs. 1, 2, Plate 2, figs. 3, 
4, Plate 3, fig. 3 (original description, color, comparison 
with other eastern Pacific forms, figures of entire animal, 
lower surface of head, cephalic fins, posterior portion of 
body with dorsal fin, teeth. Type No. 24,793, Depart¬ 
ment of Tropical Research, New York Zoological Society; 
type In the collection of the American Museum of Natural 
History). 

Manta hamittoni (Newman). 

Manta, Sea-Devil, Manta-ray. 

(Plate IV, Fig. 2). 



Text-figure 39. 

Range: Warm waters of the eastern Pacific. 
Recorded from the Marquesas Islands, and along 
the American coast from the following localities; 
California: Redondo, San Pedro, San Diego; 
Mexico: Gulf of California, Guaymas, Mazatlan, 
Gorda Banks, Banderas Bay, Guatulco; Panama: 
Bahia Honda, Panama Bay, Pearl Islands; Peru: 
Zoritos, Tumbez; Clarion Island; Cocos Island; 
GaMpagos Islands: Tower, Albemarle, Narbo- 
rough. 

Field Characters: Giant rays with pointed 
wings and large horn-like cephalic flaps; a long 
whip-like tail; mouth at front of body, not 
below; teeth present in the lower jaw only. 
Color, black above with large white symmetrical 
patch on each shoulder, the white at times almost 
invisible; white and black and gray below, the 
outer edges of the wings dark. (Illustration 
from specimen 6652, 18 feet across disk.) 

Dimensions: Comparative measurements made 
in the field of mother and embryo are as follows 
(specimen 6652, Narborough Island, GaWpagos, 
June 11,1928): 
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Percent¬ 
age of 

Adult Young Adult 
Total spread. 4572 mm. 1140 mm. 26 


Lower Jaw to anus. 

Lower jaw to tip of broken 

1800 

440 

24.6 

tail. 

2800 

— 

— 

Breadth along posterior wing 

3050 

640 

17.7 

Length anterior gill slit. 

625 

115 

18.3 

Length posterior gtil slit . . 

390 

80 

20.6 

Antero-posterlor gill area... 
Distance between right and 

460 

120 

26.6 

left posterior gills. 

Distance between right and 

310 

70 

22.5 

left anterior gills. 

605 

136 

20.6 

Cephalic Appendages: 




Length, posterior edge. . 

720 

145 

20 

Greatest width. . 

274 

60 

21.7 

Width base. . . 

360 

63 

18 

Width mouth. 

Base cephalic appendage to 

870 

170 

19.5 

1st gill slit. 

Length ventral fin, outer 

380 

70 

18 5 

border. 

520 

96 

18.2 

Width head, eye to eye 

1400 

305 

21.8 

Eye diameter, eye ball. 

84 

12 

14.2 

Iris. 

38 

5 

13 2 

Base of dorsal fin. . 

200 

70 

35 

Height of dorsal fin. ... 

230 

55 

23 9 

Front of head to dorsal fin. 

1830 

450 

24.5 

Total length of tail 

880 

540 

— 

(broken) 



Weight. . . 

2310 lbs. 

28 

12.1 


Measurements as to the teeth and the extent 
of the teeth band in the embryo are as follows: 
The width of the mouth in the preserved speci¬ 
men is 157 mm., and the tooth baud extends 
across 75% of this width or 116 mm. At the 
rear of the tooth band there were 96 rows of 
teeth in a transverse series. 

Color: The eighteen-foot-wide female taken 
at the Galapagos Islands was colored as follows: 
Above black (but see under Discussion), below 
dark bluish with the exception of a large white 
triangle on the anterior proximal portion of the 
wing; in other words, there is a wide' dark outer 
border to the wing. Posterior edge of all gill 
slits white. Cephalic fin jet black above with a 
broad center of pale turquoise blue clouding. 

Embryo, 28 inches across the disk: Above jet 
black with faint grayish white shading back and 
in from the nostril nearly to mid-line of back and 
then back in a foot-shaped mark with the sole 
lying not far from the mid-line and the toes just 
above the beginning of the body cavity (field 
description of white shoulder patch). Below 
pinkish-white with symmetrical bluish-black 
patches as follows: entire eye protuberance, a 
spot below and one-third toward center of 
mouth, a large irregular rounded patch back 
from the outer half of the posterior gill-slits, 
and a large cloud-like patch V-ing up from the 
anus and out toward the posterior gill slits. 
Distal half of the wings darker than the anterior 
proximal portion. 

There appears to be considerable variation of 
the color of the under surface, but this general 
pattern was repeated on a cut-up specimen seen 


in a fisherman’s boat at Panama, that had the 
underside of the single remaining pectoral fin 
half black. We also noted that markings on 
these animals fade considerably with drying. 
The anterior edge of the tips of the wings is 
white. 

Size and Weight: Grows to 18 feet 6 inches 
across the disk. Our 18-foot specimen weighed 
2,310 pounds and the 1,140 min.-wide (45 inches) 
embryo weighed 28 pounds. 

Breeding: On the date of capture, June 11, 
1925, the embryo had its tail protruding from 
the female, and the yolk sac was almost com¬ 
pletely absorbed; hence it would probably have 
been bom in a day or two. The yolk sac re¬ 
mained as a knotted string, six inches long. 

Fellegrin (1901) noted that the species mated 
in May in the Gulf of California. 

General Habits: Remoras are particularly 
abundant commensals of the mantas. Typical 
of our notes in regard to this matter are those 
relating to mantas and remoras seen at the 
Pearl Islands and recorded as follows: 

“. . . From each side of the front part of 
the wings two large Echeneis clung. Each was 
at least two and a half feet long, very thick and 
stout, and white beneath, whicn was of course 
the visible part above as they clung upside down. 
They never changed places and very often their 
widely gaping, scarlet gills were high out of 
water. Six or eight smaller suckers, some not 
more than three or four inches were slithering 
over the black and white back of the manta. 
The same day we saw several more mantas like 
this first.” 


References: A Reference*) definitely referring to 
mantas with white shoulder patches. 

Manta sp., Beebe. W.» "Galapagos. World’s End," 
1924: 312.435 (Tower Island, Gal&pagos; color and 
pattern; approximately 10 feet wide). 

Giant Ray, Gray. 55., "Tales of Pishing Virgin Seas," 
1925: 60-61 (Indefatigable Island, Gal&pagos Islands, 
figure of white marked specimen 16 feet across), 71 
(Gal&pagos Islands, leaping out of water), 73 (Gal&pagos 
Islands, leaping out of water to remove remoras), 81, 82 
(swimming); plate xvii (photograph of white marked 
specimen). 

Manta birostris , Walford, L. A., Calif . Fish and Game , 
17 (4) 1931: 404, fig. 112 (San Pedro, California; photo¬ 
graph of female specimen lying on dock, fourteen feet 
across). 

Manta pmchoti , Wliitloy, G. P., Australian Zoologist , 
8 (3) 1936 182. based on Manta birostris of Fowler, H. 
W. (Proc. U . S. Nat . Mus., 80 16), 1936: 2), (Not Mania 
birostris Walbaum), part referring to the Marquesas 
"Sea Bat" described and figured by Pinchot, "To the 
South Seas," 1930: 406 et seq.. 145, 411, 412, 417, 419. 

B. References indefinite as to color. 

Ceratoptera, Streets, T. If. Bull . U. S. Nat. Mus., 7, 
1877; 64 (Guif of California). 

Brachioptilon hamittoni , Newman. E., Zoologist , 7, 
1849: 2367 (species named on basis of letter noting cap¬ 
ture of strange fish in the Gulf of California ; capture by 
harpooning; weights, notes). 

Manta hamiltoni, Beebe, W., "The Arcturus Adven¬ 
ture," New York and London, 1926: 123, 134, 135, 206, 
304. 415, 434, figs. 30, 35 (Gal&pagos Islands, capture, 

2 sure; this record refers to a white-shouldered manta, 
though there is no mention of such color). 
Cephaloptera birostris, Oustalet, E., La Nature , 25, 
1899: 273-274 (Mexico: Guay mas; figure, general 
account, remoras). 

Ceratoptera birostris, Pellegrin, J., Bull. Mus. Nat. 
Hist. Paris , 7, 1901: 161, 167 (Gulf at California; size 
and measurements, copulation in May; "La femelle est 
ovovipare") _ _ 

Manta birostris, Jordan, D. S., A Gilbert, C. H., Bull. 
U. S. Fish Comm., 2, 1882 (1883); 106 (Mexico: Mazat- 
lan). Jordan, D. S., Fishes of Sinaloa, 1895- 394 (Mexico: 
M&z&tlan; "Said to be frequently seen in the open sea 
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about Mazatlan; not seen by us”). Snodgrass, R. K..& 
Heller, E., Proc. Wash. Acad, Sci„ 6, 1905 : 346 ("We 
frequently saw, amongst the Islands of the Galapagos 
archipelago, enormous rays probably belonging to this 
species, but no specimens were obtained Vaillant, L. 
L., & DJguet, L., Bull. Mus. Paris , 4, 1698: 127-129 
(Gulf of California; notes on habits, capture). Baer, G. 
A., Bull. Mus. /list. Nat. Paris, 5, 1899: 111-112 (Peru: 
Zorrito. notes). Vaillant, L. L.. Bull. Mus . Hist. Nat. 
Parts. 6, 1899: 112, 113 (notes). Smith, H. M„ The 
Pishes of North Carolina, North. Car. Oeol. and Econ. 
Survey. 2, 1907* 48 (Gulf of California: ure of cephalic 
appendages). Fowler, H. W., Proc. U. S. Nat. Mus., 80, 
1932: 12 (remoras taken from manta at Tower Island, 
Gal&pagos), 13 (same). Herre, A. W., Field Mus. Nat. 
Hist., Zool. Ser 21, 1936. 25 (Cocos Island, Gal&pagos 
Islands; habits; leaping out or water: swimming near 
surface with upturned wings). Fowler, II. W., Acad. Nat. 
Set. Phila .. Monograph 2. 1938. 249 (Gal&pagos Islands 
localities* Albemarle, Narborougli, Tower; Cocos Island). 
Sell mitt, W. L., Annotated list of Fishes, Presidential 
Cruise. 1938: 5 (Cocos Island; 1645 pounds, 15 feet wide 
and 9 feet long, exclusive of a 4 foot tail). Schmitt, W. L., 
Explorations and Field Work of tho Smithsonian Insti¬ 
tution in 1938: 12 (Same record as reference immediately 
above). Manter, H. W., Allan Hancock Pacific Expedi¬ 
tions. 2 (14), 1940: 440 (Panama: Bahia Honda; trema- 
tod 68 ) 

"Ray,” Pinchot, G., “To the South Seas,” 1930: 148- 
158 (Tower Island. Gal&pagos; photographs, capture, 
color; data sent to U. S. National Museum). 

Study Materials: 2 specimens, Narborougli 
Island, Gal&pagos Islands, 2 (6652, 6653) adult 
female and male embryo, 5,486 mm. (18 feet) 
across disk and 1,140 mm. respectively, June 11, 
1925 (Ardurus Oceanographic Expedition). Be¬ 
sides these specimens this fish has been seen by 
ns at the following localities: Gulf of California 
between Guay mas and Santa Inez Island (one 
seen), up to 16 feet in width; Clarion Island, 
(four seen); Mexico: Banderas Bay (one seen); 
Gorda Banks (one seen) and Guatulco (several 
seen up to 16 feet in width); Panama: Pearl 
Islands, one seen at close range and photo¬ 
graphed, several others seen. 

Discussion: While endeavouring to thrash out 
the relationships of the Pacific coast manta and 
the Atlantic Manta birostris , the following notes 
were made. Many of the questions tliat arise as 
to these animals cannot fully be answered with¬ 
out further studies and especially those made in 
the field with fresh material, but we may mention 
that the evidence indicates separation of Pacific 
hamilioni with immaculate white shoulder 
patches from Atlantic birostris with black spots 
in white shoulder patches, 

Newman, in 1849, described Brachioptilon 
hamilioni from the Gulf of California, this being 
the first account of a manta from the eastern 
Pacific. Newman’s name was based upon a 
letter from Commander Cospatrick Baillie 
Hamilton of II. M. S. Frolic , in which Com¬ 
mander Hamilton described the capture in the 
Gulf of California of what was obviously a 
manta. 9 The description given in this letter and 
in Newman’s notes on an unpublished drawing 
of the fish mentions only the size of the animal 
and the fact that it possessed “a sort of arm 
projecting from the shoulder.” The size of the 

* In Commander Hamilton’s letter there is the follow¬ 
ing account of the lifting aboard ship of this fish: ". . . 

I could not ascertain the weight; but some idea may be 
formed by the fact that sixty men were unable to lift him 
on board with tho yard tackles, the heaviest purchases 
in the ship, with one hundred and fifty men were required 
for the purpose . . Evidently the lifting of a ton 
to a ton and a half was a formidable enterprise on a man- 
of-war in 1846. 


fish, 19 feet in width, is the only factor that 
indicates that the fish was of the genus Manta 
and not Mobvla. There are no records of an 
eastern Pacific Mobula growing as large as 19 
feet across the disk. 

Most authors since Newman have placed 
hamiltoni in the synonymy of birosiris t thus con¬ 
sidering the mantas of the Atlantic and Pacific 
as one and the same species. As mantas are 
difficult to compare because of size and the 
problems of preserving them, and as relatively few 
have been studied alive by ichthyologists, such a 
conclusion was more or less inevitable. 

In 1924 Beebe published a note about a manta 
seen at Tower Island, Gal&pagos, that had large 
conspicuous white patches on the shoulders and 
in 1932 he noted others at the Pearl Islands, 
Panama Bay. Zane Grey in 1925 recorded simi¬ 
larly marked s])ecimens at the Gal&pagos Islands, 
and Walford in 1931 gave an illustration under 
the name of Manta birostris } of a white-shouldered 
manta taken at San Pedro, California. During 
the Eastern Pacific Zaca Expedition several 
white-shouldered mantas up to 16 feet in width 
were observed at Port Guatulco, Mexico, on Dec. 
3, 1937. Recentfy white-shouldered mantas were 
the subject of motion pictures taken on the coast 
of Peru by the Michael Lerncr Expedition. 
These six accounts represent all of the definite 
records in the eastern Pacific of white-shouldered 
mantas. 

Pinchot in 1930 published excellent illustra¬ 
tions of a white-shouldered manta that he had 
taken at the Marquesas and in J936 this fish was 
named Manta pincholi by Whitley. A compari¬ 
son of the various descriptions and illustrations 
mentioned above leaves no doubt in our mind 
that the eastern Pacific and the Marquesas 
inantas belong to the same species. 

In attempting to clarify the status of the 
white-shouldered mantas, certain questions arise: 

1. Is the white-shouldered color pattern con¬ 
fined to one sex? 

This question can be answered in the negative, 
as our 18-foot-wide, 2,310-pound female with 
white shoulder patches, carried a male embryo 
weighing 28 pounds that also had the same 
markings. 

2. Do all of the eastern Pacific mantas have 
white shoulders? 

An unqualified answer to tliis question must 
await further observations, but from the avail¬ 
able evidence the answer would seem to be “Yes.” 
This conclusion is based primarily upon the 
supposition that the white shoulder-patches may 
be masked (as is suggested later on) so that they 
are not visible, and, secondly, that even when 
they have been observed little attention was paid 
to them and to their significance. We also be¬ 
lieve that the same conditions hold true for the 
Atlantic manta, which as is shown later on in 
these pages, also possesses white shoulder- 
patches. 

In support of this conclusion our own experi¬ 
ence with mantas, and especially with a manta 
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captured by us in 1925 on the Arcturus Oceano¬ 
graphic Expedition, is especially pertinent. Some 
of our field notes relating to these fishes, which 
were exceedingly common off the west coast of 
Albemarle Island and the north Coast of Nar- 
borough Island in the Gal&pagos group, are as 
follows: 

“ Station 84, 1 mile north of Narborough 
Island, June 9, 1925. DEVIL FISH. Common 
both near shore and three miles out, keeping 
much on the surface. The back comes up and 
might be a seal except for its great width. It 
then submerges and the tips of the wings appear, 
sticking straight up, black on the inner side and 
white on the outer side. When by chance only 
one wing protrudes it resembles a shark’s fin, 
and when further out it looks like the dorsal fin 
of a blackfish. 

“They are not very wary and for an hour we 
played with one in two boats, bumping into it con¬ 
tinually and being splashed by the thrashing 
wing-tips as it turned. There were two, about ten 
feet spread, one of which had lost a piece of the tip 
of the left wing. They refused to go down and 
were swimming along when we left them. 

“The boys had no trouble in harpooning a 
large one but it swam off with two harpoons and 
two kegs. The second one put up only a com¬ 
paratively feeble fight and they were able to 
head it to ihe steamer. It was is feet tip to tip 
and weighed somewhere about 2300 pounds. A 
young one was about to be born, weighing 28 
pounds.” 

Motion pictures were made of the capture of 
this female manta and of its being hoisted aboard 
the Arcturus, and many notes were recorded 
about this fish and its embryo, but nowhere is 
there a mention of the adult manta possessing 
white shoulder-patches, although the field notes 
contain data to the effect that the embryo after 
extraction from its mother did have indications 
of white shoulder-patches. 

To check on whether the adult did or did not 
have white shoulder marks, the motion picture 
negative of the capture of the fish w r as looked 
over. Practically ail of the film shows the under¬ 
side of the fish, but, fortunately, a small section 
shows part of the upper surfaces and is repro¬ 
duced here as Plate 4, Fig. 2. This photograph 
definitely shows, although vaguely, the presence 
of white shoulder patterns and we thus have 
definite proof that both male and female Pacific 
mantas possess these white patches. 

At least three ichthyologists saw this manta 
at the time of capture and the fact that no 
especial comment was made as to the white on 
the upper surfaces seems to be of significance; 
evidently the white marks are not always 
sufficiently prominent as to cause comment, and 
they may not always be visible. 

In this connection it may be remarked that 
the preserved 28-pound embryo now shows no 
trace of the white shoulders that were evident 
when it was removed from its mother. 

There is a possibility that the solution to the 


masking of the white patches on the dorsal 
surface of the mantas, may be laid to pigment 
carried in the outer skin which becomes free and 
at times overlays the white patches. Coles, 10 
writing of the Atlantic manta, has the following 
notes . . The color of the back of Manta 
is dead black, although specimens are frequently 
observed with dirty white patches showing on the 
dorsal surface. This change of color is due to 
the scraping off of the superficial coloring layer 
when the fish has been swimming at the surface 
for some time; the black color is restored when 
the Mania has remained beneath the surface for 
some time. While washing off the surface of a 
Manta , both the cloth and the water used became 
colored black by pigment, and the whole dorsal 
surface became lighter in color. 1 have also 
placed a handkerchief upon the skin of a dying 
Manta and observed that it was heavily coated 
with black coloring matter discharged from the 
skin.” 

Pinchot 11 gives similar evidence as he states 
that the dorsal color of a Tower Island, Gal&pagos 
manta was “very dark gray or black carried in a 
thin slimy outer skin that came off easily in the 
hands.” 


3. Is the manta of the tropical eastern Pacific, 
Manta hamittoni , distinct from the Atlantic 
manta, Manta birostris? 

We have not been able to gather sufficient 
evidence uncomplicated by differences in age, etc., 
to answer the question as far as morphology is 
concerned. From the standpoint of color, how¬ 
ever, the following notes were made. 

The literature of the Atlantic manta, M. 
birostris, with the exception of two references 
that are discussed below, consistently list the 
color of the upper surfaces as being black, with 
no mention of a symmetrical white pattern on 
the shoulders. There are occasional statements 
of white patches, unsymmetrical in form and 
placing, that apparently are caused by abrasions. 

The exceptions to the almost unanimous re¬ 
cording of a uniformly colored dorsal surface in 
birostris , are as follows. In C. F. Holder’s 
volume “Big Game at Sea” (Outing Publishing 
Co., New York, 1904) on the plate facing page 24, 
there are four photographs of a large manta, and 
in two of these, prominent, white symmetrical 
shoulder-patches are present. The plate con¬ 
tains no data as to where the manta was taken, 
but on page 35 there is the following statement 
referring to St. Petersburg, Florida, which would 
be presumed to relate to the photographs: 
“. . . Dozens of kodaks and cameras were in 


evidence, and the devil-fish was the most photo¬ 
graphed curiosity the city has seen for many a 
day.” 

As this record was not as definitely labelled as 
it might have been, and as most of Holder’s 
volume referred to Pacific fishes, the possibility 
that a photograph of a Pacific manta with wliite 


>® Coles, K. J., Bull. Amcr. Afus. Nat . Hist., 35, 1016* 
653, 654. 

“Pinchot, G., “To the South Seas,” 155. 
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shoulder-patches had been substituted as an 
illustration for a Florida specimen, was con¬ 
sidered. As the mantas of the Atlantic and 
Pacific had been recorded as the same species, 
such a substitution would not have been too far¬ 
fetched. 

Many of the chapters in Holder’s volume were 
first published in magazines, and a search was 
therefore started through old files in an endeavour 
to substantiate or disprove the verity of the 
photographs. Surprisingly enough, the fact that 
the photographs were taken m Florida was 
validated by completely independent evidence. 
In “ Outing” Magazine, volume 30, 1902, on 
page 560, in an article written by R. B. Seager 
entitled “Tarpon and Sharks on the east coast of 
Florida,” there is an excellent photograph of a 
manta taken at Punta Rassa, on the west coast of 
Florida, which shows very prominent, symmetri¬ 
cal , white shoulder-patches. These patches agree 
perfectly with those shown on the Holder speci¬ 
men in having a scries of small black spots down 
the center of the white; there is no indication of 
these internal dark spots in any of the illustra¬ 
tions of Pacific mantas. 

In our own files, we have a drawing of a manta 
that was seen on June 11, 1930, off Bermuda, 
under the bow of the vessel while we were making 
one of the bathysphere dives. This manta, 
estimated to be about twelve feet across the disk, 
had white shoulder-patches and a wliitc chevron¬ 
like mark on the posterior part of the disk near 
the tail. The shoulder-patches in the drawing 
are elongate, somewhat crescentic spots, with no 
sign of black inner spots, situated in the correct 
position but wider apart and somewhat differ¬ 
ently shaped tlian those of the Florida specimens 
mentioned above. The accuracy of the shape 
and the presence or absence of black spots, can 
of course be questioned, as this plate was based 
upon a sight record of short duration. 

We thus have proof that both Atlantic and 
Pacific mantas do have white shoulder-patches. 

Also, based on the same evidence, the Atlantic 
and the Pacific mantas can be differentiated by 
the presence of dark spots within the white 
patches in the Atlantic fish and by the absence 
of the daxK spots in the Pacific manta. 

4. Is there a white-shouldered and a non¬ 
white-shouldered species in each ocean? 

We believe that the answer to this question is 
“No,” and suggest that future investigators of 
live material cneck on the possibility that the 
white patches are masked by black free pigment. 

Summarizing the above notes, the following 
observations can be made: 

a. Manta pinchoti Whitley may be synony- 
raized under Manta hamiltoni, as the Marquesas 
form shows no differences from the coastal eastern 
Pacific form, for which the name hamiltoni is 
available. 

b. The white-shouldered pattern is found in 
both sexes of Pacific mantas. 


c. Both Atlantic and Pacific mantas possess 
white shoulder-patches, the intensity of colora¬ 
tion being variable, and the white patches are 
possibly masked by the presence of loosely 
attached black pigment. 

d. The Atlantic mantas with white shoulder- 
patches have black spots in the patches, while 
the tropical eastern Pacific form has immaculate 
shoulder markings. 

e. No evidence is adduced as to the possibility 
of there being a white-shouldered and a non¬ 
white-shouldered species in the Atlantic and in 
the tropical eastern Pacific. It is believed that 
only one form is present in each of these regions. 

Subclass Holocephali. 

Key to families of the tropical eastern Pacific. 

la. Snout produced into a long simple beak. 

Rhinochimacridae , p. 278. 

lb. Snout produced into a leaf-shaped flexible ap¬ 

pendage Ci attorhincfodac , p. 279. 

Family Rhinochimaekidae. 

Harriotta Goode & Bean, 1895. 

Harriotta curtiss-jamesi Townsend & Nichols. 



Text-figure 40. 

Range: Known only from a single locality off 
the west coast of Lower California (90 miles N. 
W. of Cape San Lazaro) in 645 fathoms. 

Field Characters: Small fishes with long, 
simple, beak-like snout and an elongate tapering 
filamentous tail; first dorsal fin rather high and 
preceded by a spine; pectoral fins large and wing¬ 
like; color black. (Illustration after Townsend 
& Nichols, 1925, 152 mm.) 

Size: The only known specimen is six inches 
long. 

Abundance: Rare, one specimen known. 

References: Harriotta curtiss-jamcsi , Townsend, 
C. H. & Nichols, J. T., Bull Amer. Mus . Nat. 
Hist., 52, 1925: 6, fig. 2 (original description, 
color, figure; type No. 8342, Amer. Mus. Nat. 
Hist., type-locality, Albatross station 5685, 25° 
42' 45” N., 113° 38' 30” W., 90 miles N. W. of 
Cape San Lazaro, Lower California, 60 miles off 
the nearest land, in 645 fathoms). 
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Beebe & Tee-Van: Rays, Manias and Chimaeras 
Family Callorhynchidae. 

Callorhinchus Lacepede, 1798. 


Callorhinchus callorhynchus (Linnaeus). 

Range: Southern Brazil, Argentina, Chile and 
Peru (Peru: La Ventanilia, Callao). 

Field Characters: Fishes with a flexible pro¬ 
boscis ending in a leaf-like terminal portion; first 
dorsal fin rather high and preceded by a spine; 
color silvery with age, varying dark or pale; 
young with black spots. 

Size: Grows to over 800 mm. 

Study Material: None. 

References: Chimaera callorhynchus, Linnaeus. Syst. 
Nat., ed. 10. vol. 1. 1758. 236 (type locality 41 In Mari 
Aethiopid”), 

Callorhynchus callorhynchus , Starks. Proc . U. S Nat. 
Mus., 30, 1906: 764 (description, color, Callao, Peru) 
Evermann and Raddiffe. U. S. Nat. Mus.. Bull 95, 
1917. 18 (synonymy, dimensions, description, color; 
La Ventanilia, Peru). Norman, Discovery Reports, 16. 
1037 : 35-36 (description; synonymlzes smythii under 
callorhynchus ). 

Callorynchus smythii, Lay and Bennett, Zoology 
Boechey s Voyage, Fishes, 1830; 75, Plate 22, fig. 3 
(original description based upon a drawing by Smyth; 
La Concepcion, Chile). 

Callorhynchus smythii , Carman, Mem. Mus. Comp. 
Zool, 40, 1911: 98. 

Callorynchus tritoris, Garman, Bull. Mus. Comp. Zool,, 
41,1904:257,271, Plate6,fig.9 (type-locality -.Mexillones, 
Peru?). 

Callorhinchus smythii , Fowler, U, S. Nat. Mus. Bull , 
100, Vol. 13, 1941: 508-509 (description, color, synony¬ 
my). 

Discussion: Three forms of Callorhinchus have 
been rejiorted from Peru: callorhynchus t smythii , 
and tntoris. The recent taxonomic history of the 
west coast Pacific form is as follows: Fowler 
{Bull. 100, U. S. Nat. Mus, Vol 13, 1940: 509- 
510) synonymizod tritoris under symthii; Norman, 
Discovery Reports, J6, 1937: 35-36) synonymized 
smythii under callorhynchus; and Fowler, in “ I^os 
Peces de Peru ” {Bol. Mus. Hist. Nat. “J aider 
Prado/ 1 Ano 5, No. 17, 1941) lists only Callor¬ 
hinchus callorhynchus. 

Mexillones, Peru, the type locality of tritoris , 
us stated by Garman, may refer to Mexillones or 
Mcjillones, Chile, in which case the supposed 
Peruvian record of the nominal tritoris does not 
come under the geographical limits of this publi¬ 
cation. The l T . S. Navy Hydrographic Office 
publications (Pilots and charts) give no mention 
of Mexillones or Mejillones in Peru. 


References. 

(A few of the more commonly quoted papers have 
been referred to in this paper by name, rather than 
by reference to their publication place. Full refer¬ 
ences to these papers are given below.) 


Garman, S. 

The Plagiostomia, Mem. Mus. Comp. Zool, 36, 
1913: xiii-515, Plates 1 to 75 in separate volume, 

Gilbert, C. H. & Starks, E. C. 

The Fishes of Panama Bay, Mem. Calif. Acad. 
Sd. t 4, 1904: 1-304, Plates 1-33. 

Jordan, D. S. 

The Fishes of Sinaloa, Proc. Cal Acad. Sci. t (2), 
5, 1895: 377-514 (Separate pagination 1-142), 
Plates 26-55. 

Jordan, D. S. & Evermann, B. W, 

The Fishes of North and Middle America, Bidl 
U . S. Nat. Mus., 47, vol. 1, 1896: lx, 1-1240. 

Jordan, D. S. & Evermann, B. W. 

The Fishes of North and Middle America, Bull. 
U. S. Nat. Mus., 47, vol. 4, 1900: ci, 3137-3313, 
Plates 1-392. 

Kumada, T. & Hiyama, Y. 

Marine Fishes of the Pacific Coast of Mexico, 
Nissan Fisheries Institute and Co., Ltd., Oda- 
wara, Japan, 1937:1-75, Plates 1-102. 

Meek, S. E. & Hildebrand, S. F. 

The Marine Fishes of Panama, Field M us. Nal. 
Hist. Zool Ser., 15, 1923: xi, 1-330, Plates 1-24. 
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} >ages issued by Secretaria de Agriculture Y 
?omento. Dirr. de Fomento Agricola Instil uto 
Biotecnico, Mexico, D. F. 
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Fourth Pac. Sci. Congr., Batavia , Java , 1929, Vol. 
3, Biol. Pap.: 481-508. 
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of North and Middle America north of the north¬ 
ern boundary of Venezuela and Colombia. R( p. 
U. S. Fish. Comm, for 1928, Part 2 (1030): 1-070. 

Terron, C. C. 

Lista dc los Peces de la Costas de la Baja Cali¬ 
fornia. Analcs del Inst. Biol., Unir. Nar. Anton. 
Mexico, III, 1932: 75-80. 
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Inst., 4 (4), 1929: 2-11. 
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EXPLANATION OF THE PLATES. 


Plate I. 

Fig. 1. Narcinc vertnmdaim . Specimen from off La 
Libertad, El Salvador, 13 fathoms, 58 mm. 

Fig. 2. Discopyge ommata. Specimen from Santa 
Inez Bay, Lower California, 168 mm. 

Plate II. 

Fig. 1 . Da&yatis pacificvs . Upper surface of holo¬ 
type, length 1,524 mm. 

Fig. 2. Dasyatis pacificus , Lower surface of holo¬ 
type, length 1,524 mm. 

Fig. 3. Dasyatis pan ficus. Dorsal tubercles, X 10. 

Fig. 4. Psammobatis spinostssinuis. Photograph of 
holotype, 248 mm. 


Plate III. 

Fig. 1. Dasyatis brevis. Specimen from Inez Bay, 
Lower California, 1,257 mm. 

Fig. 2. Urobatu concentric us. Specimen from Port 
Guatulco, Mexico, 385 mm. 

Plate IV. 

Fig. 1. Manta lucasana. Upper surface of holotype, 
1,035 mm. across disk. 

Fig. 2. Manta hamlioni. Enlargement of motion- 
picture film of 18-foot-wide female, taken at 
Narborough Island, Gal&pagos Islands, 
showing indistinctly the pale shoulder- 
patches. 
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Erotylidae of Kartabo, Bartica District, British Guiana. 

(Coieoptera). 1 

C. H. Curran 


(Plate I; Text-figure 1). 


[During the eight years of occupancy, by the 
Department of Tropical Research, of the New 
York Zoological Society's Station at Kartabo, 
British Guiana, extensive collections of insects 
were made. These were all taken in the quarter- 
mile area under intensive study—what may be 
called the Guiana Jungle-zone. Details and a 
general summary of this area may be found in 
“Studies of a Tropical Jungle,’' Zoologica , VI, 
No. l.J 
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Introduction. 

The Erotylidae usually form a conspicuous 
part of any collection of tropical beetles and are 
fairly well represented in the collections made at 
the Tropical Research Station of the New York 
Zoological Society at Kartabo, British Guiana. 
Inasmuch as a large number of species belonging 

1 Contribution No. 631, Department of Tropical Re¬ 
search, New York Zoological Society. 


to the family have been described from French 
Guiana, material from this region is of particular 
interest since the specimens generally agree 
perfectly with the original descriptions while 
those from other regions may show some varia¬ 
tions and it is often difficult to identify speci¬ 
mens. 

The family is composed of beetles of diverse 
form, often brilliantly colored, and resembling 
members of various other families, particularly 
the Chrysomelidae, Coceinellidae and Tene- 
brionidae both in general form and color. Many 
of the species have color patterns that are almost 
identical with members of one or more of these 
families. 

The collection made at Kartabo contains 
twenty-five secies, five of them apparently new 
to science, belonging to thirteen genera. Almost 
all of the material was collected in the quarter- 
mile of jungle in which intensive studies were 
carried on by Dr. Win. Beebe and his associates 
during the 1920’s. While many more species 
undoubtedly occur in the area studied, the col¬ 
lection is an excellent cross-section of the family 
occurring in any given region of the humid Ameri¬ 
can tropics. Since the occurrence of the beetles is 
dependent upon fungus, upon which they feed, 
and on wliich they sometimes occur in large num¬ 
bers, the beginning of and end of the rainy season 
usually finds the beetles most abundant. Dr. 
Beebe tells me that every beetle in this collection, 
with the exception of three individuals, was taken 
on fungus on the bark of jungle trees. 

The illustrations are the work of Mr. Donald 
Greame-Kelley. 

The types of new species have been deposited 
in the collection of the Department of Tropical 
Research, New York Zoological Park. 

Omobtelus Ho]>e. 

Hope, 1841, Rev . Ent. } p. 112. 

Horn oral elus Erichson, 1847, Wieam. Arch . /. 
Naturg., XIII, p. 177. 

The species l>elonging to this genus are readily 
recognized by the long, slender legs and antennae. 
They are very similar in appearance and difficult 
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Text-figure 1. 

British Guiana Tropical Research Station of the New York Zoological Society. 
The circle represents a radius of six miles. 


to identify. The spelling Homoeotdus has been 
used since Erichson used the emended spelling 
in 1847. 

Omoiotelus pallidus Olivier. 

Erotylus pcdhdw Olivier, 1791, Encyel, Moth., 
VI, p. 436. 

Three specimens from Kartabo, July 11, 1922, 
and No. 615. 


Mgithus Fabricius. 

The collection contains one species belonging 
to the group having large black punctures. 

&£ithus punctatissimus Fabricius. 

Eroiylus ponctoluHimm Fabricius, 1775, Syst. 
Ent M p. 123. 

jEgithu*, t>ei>aranduH Crotch, 1876, Cist. Ent., I. 
p. 490. 
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A single specimen, Kartabo, May 3, 1924. 

In an excellent series of this species from the 
upper Amazon there are specimens that agree 
with the description of scparandus , described 
from Ecuador, and I do not think that the name 
can be retained. There is a good deal of variation 
in the size and number of spots in this species 
as well as in burmeisteri Lacordaire which differs 
in having the hypopleura mostly yellowish. 

Erotylus Fabricius. 

One species is contained in the collection. 
The genus may be distinguished from its near 
allies by the presence of three carina on the upper 
surface of the tibiae and the absence of a basal 
impressed margin on the pronotum, which has 
several deep depressions. 

Erotylus variegatus Fabricius. 

Fabricius, 1781, Sp, Ins., I, p. 157. 

There are two specimens from Kartabo, August 
20 and 28, 1920. 

Hypselonotus Hope. 

Hypselonotus Hope, 1841, Rev. Ent. y p 111. 

Cypherotylus Crotch, 1873, Tram. Arncr . Ent. 
*SV., p. 358. 

It is quite possible that both these names may 
be used for two groups that have generally been 
placed in Cypherotylus. Hypselonotus was pro¬ 
posed for the group in which the elytra are pro¬ 
duced upward, forming a keel or hump, wliile 
Cypherotylus has the elytra evenly convex when 
viewed from behind, there being no indication 
of a ‘‘keel.” 

The collection contains what may prove to be 
four species that would l>clong in Hypselonotus 
s. s., but inasmuch as the genus is very badly in 
need of revision and it is very difficult to de¬ 
termine the specific limits without series of the 
species, I make no attempt to name three of 
them at the present time, but present a key for 
their separation. 

Table of Species. 

1. Elytra with a black fascia, sometimes interrupted 

on each elytron, near the middle.2. 

Elytra with only the apex broadly black, .sp. A. 

2. The median black fascia is interrupted. 3. 

The median black fascia is entire.sp. B. 

3. The median black fascia is very narrowly inter¬ 

rupted on each elytron, the black punctures 
sparse. ..sp. C. 

The median black fascia is very broadly inter¬ 
rupted, the black punctures moderately nu¬ 
merous and partly in rows, gibbosus Linnaeus. 

Hypselonotus gibbosus Linnaeus. 

- gibbosus Linnaeus, 1763, Cent, Ins., 

p. 10. 

Four specimens, Kartabo, March 10 and May 
2, 1924, and Kalacoon, 1916. 

This is the species that has generally l>een de¬ 
termined as yibbosus Linnaeus and it seems advis¬ 
able to accept the determination. It is recorded 
from as far north as Nicaragua and I have before 
me a series from tlu tipper Amazon. 


Hypselonotus sp.A; sp.B; sp.C. 

The three species included in the above key do 
not agree with any others I have seen but it is 
possible that one or more of them are described. 

Scaphtdomorphus Hope. 

One of the two described species is represented 
in the collection. 

Scaphidomorphus quinquepunctatus Fabricius. 

Erotylus 6-punctatus Fabricius, 1775, Syst. Ent., 
p. 123. 

One specimen, September 7, 1920. 

Up to the present time the species is recorded 
only from Cayenne but I have examples from 
Para, Brazil, and a number from various localities 
in British Guiana. 

Prepopharus Erichson. 

Three species have been recorded from the 
Guianas, two of which are represented in the 
collection along with an undescribed form. The 
following key will separate them. 

Table of Species. 

1. Pro thorax brownish; femora reddish 

oiKdxxinus Lacordaire. 

Prothorax normally black or reddish, if brownish 
the femora black.2. 

2. Prothorax black, legs black.. notaivs Olivier. 

Prothorax reddish or yellowish, sometimes with 

black spots. .3. 

3. Prothorux without distinct blackish spots; elytra 

each with eight obscure dark spots 

obsewnor, sp. nov. 

Prothorax and elytra with shining black markings 

undatvs Fabricius. 

Prepopharus notatus Olivier. 

Erotylus notatus Olivier, 1791, Encvcl. Meth., 
VI, p. 435. 

This is the type of the genus and is a large 
species, black, the elytra each with a pair of 
orange basal spots and a wide median yellow 
fascia containing two rows of black spots. In 
one of the two si>ecimens from Kalacoon, 1916, 
the pronotum is dark brown. 

Prepopharus undatus Fabricius. 

Erotylus undaius Fabricius, 1801, Syst. Eleulh., 
p. 8. 

Shining rusty-reddish with black markings. 
The pronotum bears either four or six black 
spots, each elytron typically with a row of three 
black spots near the base and two wavy black 
bands. 

One specimen from Kartabo, No. 20893. 

This species is quite variable and a number of 
names have been applied to it. It has beeu re¬ 
corded only from northern South America. 

Prepopharus obscurior, sp. nov. 

Moderately shining pale ferruginous, the 
elytra with obscure blackish spots. Length, 
7 mm. 

Female .?—Head unicolorous, the front with 
numerous fine punctures; antennre black, the 








284 


[XXVI: 27 


Zoologica: New York Zoological Society 


basal four segments reddish. Thorax unicolorous, 
with fine punctures. Legs reddish, the inter¬ 
mediate tarsal segments somewhat darkened 
laterally; middle coxal line moderately long. 
Elytra each with eight obscure blackish spots, 
three of which are quite large, two close to the 
suture, one at the basal third and one slightly 
behind the middle, the third behind the humeri; 
a small basal spot near the middle; the sublateral 
spot behind the humeral spot is small, the other 
three are situated: one behind the inner end of 
the humeral spot, one eublaterally just behind 
the middle and one in the middle just in front of 
the apical fourth. There are seven rows of 
isolated punctures which become obsolete at the 
apical fourth, the surface otherwise with some 
extremely fine punctures so that it appears 
slightly roughened. The inner margin of the 
epiplcura is black on more than the basal half. 
Holotype. —Kartabo, May 22. 

This species is readily distinguished from all 
others by the weak elytral spots and reddish 
legs. The spots are not clearly seen without 
strong light. It is probable that they may be 
conspicuous in sonic specimens and perhaps they 
may be entirely absent inteneral examples. 

Zonarius Hope. 

I present a key, based on descriptions, to the 
species placed in this genus. I am unable to 
place two species in the collections before me 
but they may prove to be no more than color 
varieties of described forms. 

Table op Species. 

1. Prothorax wholly black above.. 9. 

Prothorax partly reddish or yellowish. 2. 

2. Prothorax reddish above, rarely with weak dark 

spots; elytra with numerous punctures 

(Amazon). eonvexus Crotch. 

Prothorax black and pale or pale with black 

spots.3. 

8. Prothorax pale with five or eight black spots 4. 
Prothorax differently colored. 0. 

4. Prothorax with eight black spots in two traus- 

verse rows. ... 5. 

Prothorax with five black spots; elytra with 
numerous punctures (Guiana, Amazon) 

cinrtuH Herbst. 

5. Elytra with numerous punctures; epimeron 

black except at base (Amazon).sp. 

Elytral intervals smooth; epimeron wholly red¬ 
dish (Bolivia). mgrotibiahs Demay. 

6. Prothorax black on the base, reddish or yellow¬ 

ish in front.8. 

Prothorax black with reddish markings 7. 

7. Prothorax black, the sides yellowish or i eddish 

(Amazon). convex i use ulm Crotch. 

Prothorax black, the anterior angles and a discal 
spot reddish (Amazon) erylhrogonus Crotch. 

8. Elytra yellow with five black spots (Colombia) 


fractuH Crotch. 

Elytra with the black median fascia entire (8. 

Amer., C. Amer.). zebra Fabricius. 

9. Abdomen reddish or yellowish. 11. 

Abdomen wholly black.10. 


10, Basal yellow spot on each elytron broadly con¬ 
nects with the first yellow fascia (Guiana) 
xanthomelaa Lacordaire. 


Basal yellow spot isolated (Guiana) 

indiem Herbst. 

11. Elytra with numerous punctures over most of 

the surface. 12. 

Elytra with very few punctures on the intervals 
except laterally. 13. 

12. Each elytron with a golden fascia near the 

middle (in addition to other markings).. 16. 
Each elytron with two yellow spots near the 
middle (Ecuador). bnckleyi Crotch. 

13. Abdomen wholly pale or practically so- 14. 

Abdomen with transverse blackish spots on 

each side (Mexico). codons Lacordaire. 

14. Each elytron with five black spots (Brazil) 

militaris Germar. 
Each elytron with a transverse median black 
fascia.15. 

15. Epimeron yellow (Panama). sp. 

Epimeron mostly black 

(Z. trtzonatus Germar and hybrid us Erickson 
come here) 

16. Head reddish in front (Ecuador) 

rugipvnctatus Crotch. 
Head black. 37. 

17. Two black fasciae of about equal width, the 

apex broadly black (Brazil) 

peregrinm Lacordaire. 
Anterior black fasciae narrow, the median one 
broad (Colombia) nigrotaeniatus Lacordaire. 

Zonarius xanthomelas Lacordaire. 
Lacordaire, 1842, Mon. Erot., p. 469. 

Two specimens, Kartabo, June 6, 1919, and 
No. 391. 

This has been placed as a synonym of indie us 
Herbst but the name may be retained until the 
genus has been thoroughly studied. 

Brachysphoenus Lacordaire. 

This genus contains more than two hundred 
species of diverse form. A number of genera 
have been proposed, some of them undoubtedly 
valid, for various groups, but it is impossible to 
determine the distribution and relationship of the 
various forms without an abundance of material. 
Although many species have been described from 
the Guianas, only two are represent**! in the 
collection. 

Brachysphoenus moniliferus Guerin. 

Myiotrctu# mom lifer ux Guerin, 1841, Hm. ZooL, 
p. 155. 

A single specimen, Kartabo, July 7, 1920. 
Lacordaire places tliis species in the subgenus 
Megaprotm 

Brachysphoenus ardens, sp. nov. 

Shining black, the elytra with two laterally 
connected orange fasciae, one basal, the other at 
the apical third. Length, 8 mm. 

Female. —Shining black, the under surface 
brownish-black, the head somewhat reddish in 
front, with fine punctures; antennae black, the 
two basal segments reddish, the apical segment 
reddish-yellow. Pronotum finely punctured, the 
prosternum carinate anteriorly. Tarsi dark fer¬ 
ruginous. No coxal lines. Elytra with basal and 
postmedian orange fasciae narrowly interrupted 
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at the suture and broadly connected along the 
lateral margin, the basal fascia narrowed by two 
black projections, the outer one the larger, the lat¬ 
eral orange stripe triangularly broadened behind 
the humeri and extending along the sides of the 
posterior black band to the apical seventh of the 
elytron; posterior pale fascia slightly oblique and 
weakly bidenticulate. There are seven rows of 
rather conspicuous punctures beginning at the 
basal sixth and extending to the posterior border 
of the first black band; epipleura orange except 
apically. 

Holotype. —female, Kartabo, April 10, 1924. 
Tins species agrees in almost all respects with 
B. duplicatus Lacordaire, from Colombia, but 
duplicalus lacks the rows of punctures on the 
elytra, with the exception of the first which is 
feebly indicated. 

Lybas Lacordaire. 

The following key will separate the species of 
Lybas in which the elytra are bicolored and the 
scutellum is only narrowly covered at the base 
by the pronotum. 

Table of Species. 

1. Pronotum unicolorous or nearly so, often pale 

laterally.2. 

Pronotum black and yellow or reddish . 5. 

2. Elytra each with large triangular yellow spot at 

the base.3. 

Elytra each with the base narrowly yellow, the 
humeri sometimes black.4. 

3. Short oval, the legs yellowish-red, the ipeplcura 

yellow basally (Guiana) 

mycetophilus Lacordaire. 
Oval, the legs reddish-brown, the epipleura not 
yellow basally (Guiana) .seminulus Lacordaire. 

4. Oval, blood-red (Guiana) arilans Lacordaire. 

Elongate oval, brownish-black (maroon) (Gui¬ 
ana) .. . puli car i a* Lacordaire. 

f>. Pronotum with two black spots on the yellow 
grouqd on each side (Guiana) 

rurrmalis Lacordaire. 
Pronotum with at most one black spot on each 

side.0. 

(i. Pronotum without black spots in the reddish 

ground.... 9. 

Pronotum with black spot in the pale ground 7. 

7. Pronotum reddish on the sides.8. 

Pronotum pale yellowish on the sides (Colom¬ 
bia) . cblamydophorm Lacordaire. 

8. The black band on the elytra extends back almost 

to the middle (Colombia) calidus Lacordaire. 
The black band is represented by a small basal 
triangle on the outer half of the base (Gui¬ 
ana) . triangularis, n. sp. 

9. Elytra each with basal transverse yellow triangle 

followed by black spot (Guiana) 

guianicus , n. sp. 
Elytra black on basal three-fourths except at the 
side (Peru) ». dorsalis Gorham. 

Lybas triangularis, sp. nov. 

Dark rusty-reddish, the prothorax, head and 
legs mostly black; elytra with black basal tri¬ 
angle. Length, 6.5 mm* 

Female .?—Head black, reddish on the sides 


below and obscurely reddish in front, the elypeus 
reddish-yellow; antennae olwcure reddish, the 
club brown; frontal punctures large and numer¬ 
ous, almost absent in the middle posteriorly. 
Prothorax black, the sides very broadly reddish- 
yellow and bearing a small black spot on each 
side above, the punctures large but not con¬ 
spicuous, almost evenly distributed; there is a 
strong indication of a large dull reddish spot in 
the black ground immediately in front of the 
scutellum and a small reddish area outside the 
coxae. Coxae dark reddish, the anterior pair 
more or less brown; femora and tibiae black, the 
latter with the apices somewhat reddish, the 
middle pair reddish on almost the apical half; 
tarsi reddish. Scutellum shining black; elytra 
dark rusty-reddish, each with a moderately 
small, subtriangular black spot covering the 
humeri, narrowly separated from the lateral 
margin, extending to a little behind the humeral 
area and narrowly produced inward along the 
base but not clearly reaching the scutellum. 
There are eight rows of deeply impressed punc¬ 
tures, the outer one obsolete for one-sixth its 
length in the middle and all but the inner and 
outer ones united posteriorly with another row 
of punctures, some uniting with two rows, the 
second and seventh uniting. The epaulet is 
narrowly margined on both sides with reddish- 
brown. 

Holotype. —Kartabo, April 12, 1922. 

The single specimen appears to l>e a female and 
differs in color from any of the descril>ed species. 
In calidus the elytra are black on almost the 
basal half except on the very narrow sides, while 
in dorsalis they are black on almost the basal 
two-thirds and the pronotum lacks the lateral 
black spots. 

Lybas guianacus . sp. nov. 

Ferruginous, the elytra with black and yellow 
markings on the basal half; pronotum black in 
the middle. Length, 6 mm. 

Female .—Head ferruginous, with a broad, 
darker (perhaps sometimes blackish) fascia in 
front of the vertex, the punctures moderately 
numerous and rather fine. Palpi reddish-yellow. 
Antennae ferruginous, the apical six segments 
brown or blackish. Pronotum with the median 
three-fifths black, the sides, rather broadly con¬ 
nected anteriorly, broadly reddish, the very 
narrow l>order blackish Punctures rather fine 
and not very numerous. Legs reddish, the bases 
of the tibiae narrowly darker. Elytra shining 
rusty-reddish, the base very broadly yellowish 
on the outer three-fourths, the fascia thus formed 
is very broadly interrupted in the middle and is 
broadly widened inside the lateral margins; be¬ 
hind the yellow fascia is a pair of large contiguous 
black spots forming an irregular oblique black 
fascia bordering the yellow band on its outer 
three-fourths and conspicuously separated from 
the lateral margin. There is a small black spot 
on the base of each elytron contiguous to the 
scutellum and the very narrow lateral margin is 
blackish basally, becoming ferruginous behind 
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the middle. There are seven rows of rather deep 
isolated punctures all extending to near the apex, 
those on the reddish spots underlaid with darker 
spots, but, as in other species it is probable that 
the darker spots may be absent. 

Holotype. —Female, Kartabo, April 10, 1924. 

This species should be readily recognized by 
the black and yellow marked elytra and the 
absence of isolated black spots on the pronotum. 

Phricobacis Crotch. 

The genus contains eight described species to 
which another is now added. The key is based 
on descriptions, the study of which indicates 
that there are probably only four or five valid 
species in the genus. 

Table of Species. 


1. Pronotum unicolorous. 5. 

Pronotum pale with dark markings.2. 

2. Pronotum with four or six black or brown 

spots. 3. 


Pronotum with eight reddish-brown spots 
(Amazon). pulcher Crotch. 

3. Reddish-ferruginous, the suture and margin 

yellowish; antennae, tibiae and tarsi black 

(Peru) (arduus Erickson). 4. 

Yellowish-ferruginous, the elytra reddish-yellow 
with ferruginous margins; antennae, tibiae and 
tarsi black (Guiana ). .navirularis Lacordaire. 

4. Pronotum with six black spots. arduus Erickson. 
Pronotum with four black spots basally 

var. hepaticns Kirsch. 

5. Elytra chiefly black. 6. 

Elytra reddish to yellowish. 8. 

6. Elytra black, the margins reddish.7. 

Elytra with three yellow fasciae (one basal) and 

the apex reddish (Guiana). becbei, n. sp. 

7. Apex of elytra rather broadly reddish (Amazon) 

rufolimbatus Crotch. 

Apex of elytra not broadly reddish (Bolivia) 

marginaius Guerin. 

8. Apices of the femora black (Brazil) 

rateburgii Lacordaire. 
Femora reddish.9. 

9. “Oblong-oval”; suture not paler (Bolivia) 

hopei Guerin. 

“Oblong”; suture yellow (Amazon) 

bak tri Crotch. 

Phricobacis becbei , sp. nov. 

Differs from all the described species by having 
the elytra fasdate. Length, 9 mm. 

Female .—Pale rusty-reddish or ferruginous, 
the elytra dark brown, reddish and yellow. 
Apical segment of the maxillary palpi four times 
as wide as long; antennae with the club blackish. 
Front with large punctures which are shallow and 
sparse posteriorly, more numerous and deeper 
anteriorly. Prothorax reddish-yellow toward the 
sides but the margin is ferruginous, the punctures 
large and more or less confluent laterally, much 
smaller and rather sparse on the disc; no coxal 
lines. Seutellum longer than wide. Elytra 
black; the suture, narrow lateral margin and the 
rather broad apex pale rusty-reddish; the inner 
edge of the yellow epipleura of the same color; 
the moderately broad base and lateral margins 
and two fasciae yellowish; a narrow yellow fascia 


extends across the elytra near the middle while 
another about twice as wide is situated at the api¬ 
cal fourth, being separated from the reddish apex 
on each elytron by a transverse blackish spot. The 
punctures are large and deep, a few confluent, 
generally irregularly plaoed but some form regular 
rows, particularly those toward the inner edges 
of each elytron. 

Holotype.— Female, Kartabo, August 1,1922. 

Mycotretus Chevrolat. 

The collection contains five species belonging 
to this genus, separable as follows: 

Table of Species. 


1. Elytra uniformly reddish.2. 

Elytra yellowish with black spots. 4. 

2. Palpi very large, the third segment more than 

three times as wide as long.3. 

Palpi smaller, twice as wide as long 


pygmaem Lacordaire. 

3. Short oval, the apical four segments of the 

antennae black. coccineus Lacordaire. 

Elongate, the apical six or seven segments of the 
antennae black. durius Lacordaire. 

4. Pronotum with a median basal and apical black 

spot. dirrsanotatus Lacordaire. 

Pronotum with 8 black spots, the basal three 
united. maculatm Olivier. 

Mycotretus coccineus Lacordaire. 

Lybas coccineus Lacordaire, 1842, Mon. Erot., 
p. 239. 

? M. sanguinosus Crotch, 1876, Cist. Ent., I, 
p. 458. 

Nine specimens from Kartabo, June 1 to 24, 
1924. 

M. coccineus was described from Rio de 
Janeiro, sanguinosus from New Grenada. There 
is nothing in the descriptions by which the two 
can be distingushed and I believe both names 
apply to the same secies. If there are two 
species concerned sanguinosus would probably 
apply to the Riiecimens before me. It has been 
recorded also from Panama and Costa Rica. 

Mycotretus pygmaeus Lacordaire. 

Lacordaire, 1842, Mon. Erot., p, 156. 

The collection contains a single specimen col¬ 
lected on March 21, 1922. It is wholly shining 
reddish except the apical six segments of the 
antennae which are black. 

Mycotretus dorsonotatus Lacordaire. 

Lacordaire, 1842, Mon. Erot., p. 151. 

One specimen, Kartabo, August 23, 1922. 

This specimen does not wholly agree with the 
description given by Lacordaire but I believe it 
is the same species, differing only in a slight 
modification of the color pattern. The species is 
rusty-reddish, with the following black spots: 
one on the front of the pronotum in the middle 
and another adjacent to the mostly black scu- 
tellum, one on each side of the under surface of 
the pronotum and a paired black spot near the 
middle of each elytron. The elytra have broad 


















1941] Curran: Erotylidae of Kartabo 287 


alternate rusty reddish-yellow and yellow vittae; 
the inner dark 8trij>e is along the suture while the 
broad lateral border is pale. In addition to the 
paired black spots there are darker spots on the 
dark vittae near the base and also near their 
apices, and the punctures are darkened. The 
antennae are blackish with the two basal seg¬ 
ments reddish. 

The color of the elytra lends itself readily to 
considerable variation and I suspect that many 
color varieties occur. 

Mycotretus maculatus Olivier. 

Erotylus maculatus Olivier, Encycl. Meth., VI, 
p. 436. 

Two specimens, Kartabo, May 10, 22, 1924. 

Mycotretus durius Lacordaire. 

Lacordaire, 1842, Mon. Erot., p. 161. 

One specimen, Kartabo, May 25, 1924. No. 
24716. 

The specimen is almost unicolorous and agrees 
well with the description. I have seen no other 
unicolorous species that closely approaches it. 

Psetaphacus Percheron. 

Of the twenty-seven species assigned to this 
genus two are represented in the collection. 


Psetaphacus giganteus Germar. 

Triplaz giganteus Germar, 1824, Ins. Sp. Nov., 
p. 615; Lacordaire, Mon. Erot., p, 76. 

Twenty-one specimens from Kartabo: April 29, 
1920; August 28, 1920; September 16, 1922: 
April 20, 1924; May 25, June 20, 21 and 23, ana 
Nos. 24708-14 and 24966-67. 

This species is recorded only from the Guianas. 
The color of the elytra varies from dull dark 
reddish to pale orange. 

Psetaphacus signatus Guerin. 

Guerin, 1841, Rev. Zool., p. 158. 

Nine specimens from Kartabo: March 24, 26, 
1924; May 25, June 21, 22, and Nos. 24715, 
24718 and 24968. 

In the series the color of the elytra varies from 
dark reddish to pale orange and there is some 
variation in the size of the black spots. 

This species is widely distributed in northern 
South America and in Central America. 

Megischyrus catenatus Crotch. 

Crotch, 1876, Cist. Ent., 1, p. 424. 

A single specimen, May 20, 1924. 

This species is somewhat smaller than catenu - 
latus Lacordaire and lacks the lateral reddish 
vitta on the anterior half of the elytra. It has 
been recorded from Ecuador and the Amazon 
region. 
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EXPLANATION OF THE PLATE. 
Plate I. 

Fig. 1. Hypselonotus species A. X 2. 

Fig. 2. Hypselonotus species B. X 2. 

Fig. 3. Hypselonotus species C. X 2. 

Fig. 4. Prejnpharus obscunor sp. nov. X 5. 
Fig. 5. Brachy8phomus ardens sp. nov. X 5. 
Fig. 6. Lybas triangularis sp. nov. X 5. 

Fig. 7. Lubas quianacus sp. nov. X 5. 

Fig. 8. Pnncobacis beebn sp. nov. X 5. 
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28 . 

Further Studies on the Light Sensitivity and Behavior of the 
Mexican Blind Characin. 


C. M. Breder, Jr. 

New York Aquarium , 

& 

E. B. Gresser, 

New York University College of Medicine (Department of Ophthalmology ). 


(Plate I; Text-figures 1 & 2). 


Introduction. 

It has been shown by Breder & Gresser (1941) 
that the blind individuals of the Mexican 
Characin Anoptichthys-Astyanax series are light 
sensitive. This was made evident by their be¬ 
havior in a gradient trough in which they showed 
themselves to be slightly but clearly light neg¬ 
ative. No attempt had been made at the time 
that report was prepared to delimit the mechanism 
of this discriminatory power. The cystic form of 
the vestigial remnant of eye structure and its 
heavy investing pigment layer seemed to pre¬ 
clude its use as an organ of light detection, 
Gresser & Breder (1939) and Breder & Gresser 
(1941). 

Experiments. 

As one step toward understanding this mecha¬ 
nism of light perception a normal blind specimen 
was selected, and the vestigial eye structures 
were removed. Healing was rapid and satisfac¬ 
tory and no gross differences could be detected 
in its behavior. 

Two tanks were employed, each with one-half 
light and one-half dark as described in Breder & 
Gresser (1941). Into one was placed a normal 
blind fish as a control and in the other the 
experimental fish. As in the earlier paper, 
counts were made of the frequency of appearance 
of the fish in the lighted halves of the tanks. 
The data obtained, which covered nearly a 
month, are given in Table I. This table indicates 
clearly that the experimental fish showed no bias 
to one compartment, the actual distribution 
being within 0.29- of the expectation. The 


control, on the other hand, agreed well with the 
experiments previously reported, and fell to 
13.71 -f of expectation; showing that much bias 
to the dark half of the tank. Expressed in terms 
of percentage of random expectation with 100% 
representing pure randomness, above it light 
positiveness and below it light negativeness, the 
following figures represent the situation: 

Experimental 100.58% 

Control 72.58% 

It is thus evident that the light detection of 
these fishes is lodged in some retention of function 
in the optical vesicle, despite its histological ap¬ 
pearances to the contrary. The test fish, at this 
writing, is still living and apparently not in the 
least inconvenienced by its loss of ability to 
detect light. It cannot be separated from the 
others on a basis of behavior except by some 
formal procedure as above outlined. In previous 

B ps concerning the ocular morphology of these 
fish, various types of undeveloped and 
raal-developed eyes were shown. Based on his¬ 
tological appearances, very little if any function 
was attributed to any eye of the cystic type even 
if a few scattered retinal elements were present. 
It was understandable that eyes architecturally 
intact but of comparatively microphth&lmic 
proportions could be serviceable under restricted 
conditions and that anophthalmic vestiges predi¬ 
cated complete blindness. The present study 
involving individuals with defective ocular struc¬ 
tures but in which some, if sparse, rods and cones 
are present leads to the inescapable conclusion 
that there is some subservance to light sensation. 
However, it remains for further behavior experi- 
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ments followed by studies of histological prepara¬ 
tions to determine the least number of retinal 
elements necessary for light sensation. 

If the percentage of light avoidance of the 
control be compared with those reported by 
Breder & Gresser (1941), it is found that the 
present value of 72+%, compared with 62+% 
of its earlier tested tank mates and with 80 -% 
of the larger fish taken directly from La Cueva 
Chica, places this fish roughly half way letween 
those two groups. In reference to the latter 
values the following was stated in the earlier 
paper. “This difference of 17% may actually 
be significant. The cave fish were larger than the 
others and possibly overlying tissues of greater 
consequent thickness may account for the dif¬ 
ference, or it may be that there is an increased 
avoidance to light in subsequent generations. ” 
Since those experiments were made the fishes 
reared in light for five generations (62+%) 
have grown so as to just about half close the size 
difference between them and the individuals from 
the cave (80—%). Consequently the lessened 
avoidance to light is about proportional to their 
growth (72+%) This suggests strongly that of 
the two quoted alternatives the first would seem 
to be the true one. In other words, it seems 
clearly indicated that the amount of overlying 
tissue determines to a considerable extent the 
reactivity of these fish to light. Further studies 
on much smaller specimens would go far to es¬ 
tablish this view. 

In order to better understand the normal 
unrestricted behavior of these fishes, an out-door 
pool was established in which approximately 
one-half was darkened so as to form a “cave” 
into which entry could be made from under 
water only. The entrance was provided with a 
light trap so that a true cave-like darkness could 
be obtained. This portion of the pool was roofed 
over and buried under about six inches of soil in 
which trailing vines were planted The general 
arrangement and details of construction are 
given in Text-figure 2 while Plate I shows how 
the finished structure appeared. 

Both blind “5th generation” and tank-raised 
normal river fish were placed in this pool and 
allowed to act according to their normal instincts. 
The trap door in the roof of the “cave” was pad¬ 
locked and not opened until the termination of 
the experiments. Food was admitted to the 
“cave” through a small hole which was otherwise 
kept corked. More food was placed in the cave 
than in the lighted portion in order to prevent 
any possible bias to the outside based on hunger. 
Water was introduced only to make up for 
evaporation. This drained from another pool 
into the darkened portion through a light trap 
of loose rocks and gravel. From here it flowed 
through the cave and out into the lighted portion, 
simulating so far as possible the conditions in La 
Cueva Chica (see Bridges, 1940). Water lillies 
and Nitella grew in the lighted portion. In this 
brightly sunlit pool shade was provided by an 
offset in the cave wall from which the lillies grew 


TABLE I. 


Exp. 

Date 

Hour 

Number of observations 

No. 

1941 


in 

light 




Fish No. 

33 Fish No. 34 

1 

5/28 

4:00 p.m. 

48 

32 

2 

5/29 

9:30 a.m. 

47 

40* 

3 

5/29 

4:30 p.m. 

51 

20 

4 

6/2 

10:40 a.m. 

36 

39 

5 

6/2 

4:30 p.m. 

54 

19 

6 

6/3 

9:00 a.m. 

53 

27 

7 

6/3 

4:15 p.m. 

8 

44 

8 

6/3 

— 

32 

36 

9 

6/4 

8:40 a.m. 

56 

35 

10 

6/4 

4:45 p.m. 

56 

36 

n 

6/5 

9:25 a.m. 

65 

35 

12 

6/5 

4:25 p.m. 

57 

37 

13 

6/6 

9:30 a.m. 

64 

27 

14 

6/6 

4:45 p.m. 

60 

46 

15 

6/7 

10:30 a.m. 

55 

34 

16 

0/7 

4:55 p.m. 

58 

34 

17 

6/8 

11:15 a.m. 

55 

26 

18 

6/8 

5.-00 p.m. 

50 

29 

19 

6/9 

10:00 a.m. 

60 

47 

20 

6/9 

4:10 p.m. 

50 

40 

21 

6/10 

— 

36 

37 

22 

6/10 

— 

58 

33 

23 

7/1 

9:45 a.m. 

44 

46 

24 

7/1 

4:45 p.m. 

38 

34 

25 

7/2 

10:15 a.m. 

51 

43 

26 

7/2 

4:30 p.m. 

39 

37 

27 

7/3 

9:45 a.m. 

52 

34 

28 

7/3 

4:45 p.m. 

62 

50 

29 

7/4 

11:00 a.m. 

72 

39 

30 

7/4 

3:30 p.m. 

56 

37 

31 

7/5 

11:00 a.m. 

63 

44 

32 

7/5 

3:00 p.m. 

60 

57 

33 

7/6 

11:25 a.m. 

38 

34 

34 

7/6 

4:50 p.m. 

32 

34 

35 

7/7 

10:20 a.m. 

44 

40 

36 

7/7 

2:30 p.m. 

10 

41 

37 

7/8 

10:30 a.m. 

32 

28 

38 

7/8 

2:30 p.m. 

23 

18 

39 

7/9 

9:00 a.m. 

74 

44 

40 

7/9 

3:30 p.m. 

54 

40 

41 

7/10 

9:30 a.m. 

73 

46 

42 

7/10 

— 

86 

25 




2112 

1524 



Average 

50 29- 

36 29- 



Maximum 

65 

74 



Minimum 

8 

10 



% 

of Expectation 



Average 

100 58- 

72 58- 



Maximum 

130 

142 



Minimum 

16 

20 


* Each experiment represents 100 notations at 5-second 
intervals except the figure marked which was 75 and re¬ 
calculated. There were 30 notations in light of the 75. 
Most of the actual readings were made by Mr. Max 
Recher. 


and which was further shaded by a large Cyperus 
plant so that fishes would not necessarily be 
driven into the cave for the mere want of shade. 
As noted above, the water used drained from 
another well-seasoned i>ool which was being used 
for other fishes. This pool, Bhown in connection 
with other matters by Breder (1939 and 1940) 
and described in detail therein, drained into the 
new blind fish pool from its northeast comer. 
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The latter had been originally built for another 
purpose, see Shlaifer& Breder (1941). 

Data on temperature differentials and similar 
matters are given in chronological order in 
Table II. The fishes were all introduced into the 
lighted portion of the pool. Initially two blind 
fishes were placed in the pool to test if they could 
stand the early spring temperatures. In less than 
twenty-four hours these nsh found the cave en¬ 
trance and spent much time in the cave from 
then on, but wandered in and out at will. Ap¬ 
parently it took no longer time than this for them 
to learn their way about in the area of this pool 
for after the first day it was noted that they 
hardly ever struck objects and they would go in 
and out the somewhat tortuous entrance touching 
nothing. Since they show no evidence of distance 
reception, as noted by Breder & Gresser (1941) 
it would apj>ear that they can satisfactorily learn 
the terrain of about one hundred and fifty square 
feet of area, which the pool covers, in that time. 

In order to determine how much time was 
spent in and out of the cave, periods of observa¬ 
tion were made on May 20 which cover a total 
observational time of three hours. The times of 
entrance and emergence from the cave were 
calculated. It was found that 83.3+% of the 
time was spent within the cave and 10.0+% 
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in the lighted pool. This agrees well with the 
data of Breder & Gresser (1941) and that given 
herein in Table I. The present figure, while 
slightly higher than any of the others, is based on 
relatively few observations and has been neces¬ 
sarily calculated on a somewhat different basis. 
Further work of this nature could not be con¬ 
tinued when more fish were introduced for a 
variety of purely practical reasons. Also it was 
subsequently found that other influences so 
modified this light avoidance reaction, which 
were not present in the laboratory work, that 
additional readings would have been without 
value. As it developed it was found that these 
influences could be readily understood and de¬ 
scribed but did not lend themselves easily to a 
statistical approach or analysis in this outdoor 
pool. Usually a few blind fish could be seen but 
there were long j)eriods when all w r ere in the cave 
and equally long ones when all were out of the 
cave. When the normally visioned river fishes 
were introduced on June 2, they also partook of 
this variation in habit. In their case, with 
marked schooling habits, it was clear that the 
activities of one individual had a sharp bearing 
on the others. Here, as in aquaria, they would 
attempt to school with a blind fish wandering by 
but soon gave up to return to their own appar¬ 
ently more satisfactorily behaving eyed com- 
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Text-figure 1. 

Comparison of behavior between experimental and control specimen (shown in solid lines) 
together with the data of Breder & Gresser (1941) (shown in dotted lines) in terms of expectancy 
of random movement. 
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SECTION A-A' 


Text-figure 2. 

Construction and details of experimental “cave.” A. Plan of pool and cave as constructed. 
B. Section through pool and cave. C. Light trap as seen from inside cave. D. Plan of light 
trap. a. Loose stones and gravel to form light trap and block fish exit at point of inflow to pool, 
b. Trap door to cave. c. Corked hole in trap door for feeding and temperature reading, d. 
Roof of cave composed of flooring on stringers covered with soil and planted with vines, e. Large 
Cyperius plant, f. Nymphaca. g. Nitella. 


panions. This plus the large areas involved 
apparently prevented the results disastrous to 
the blind individuals noted by Breder & Gresser 
(1941). At least at no time was anything seen 
that could have been interpreted as an attack 
on the blind by the normal eyed fishes. At times 
the addition of water would cause all to rush into 
the outflowing stream and enter the cave, where 
presumably they sought the blocked inflow from 
the other pooL 

These effects were variable and at first puzzling 
but it soon appeared that the causes lie in 
temperature differentials between the cave and 
the open pool. For example there was a marked 
tendency for all the fishes to be out in the open 
in the daytime and to retreat to the cave at 
dusk, both eyed and blind alike. During the 
daytime the open pool would warm under the 
influence of solar radiation and rise several 
degrees above the cave temperature while at 
night it would drop below that of the cave which 
because of its cover did not lose its temperature 
nearly so fast. A study of Table II will indicate 
how these varying seasonal and diurnal tem¬ 
perature changes effected the relationships of the 


water temperature in the cave to that in the open 
pool. The results may be summarized as follows: 

1. If the temperatures were identical, or nearly 
so, the fish would move in and out freely, usually 
with the majority of blind fish out of sight ana 
the eyed specimens in a compact school in the 
lighted pool. 

2. A difference of as little as 1.5° F. between 
the cave and the open pool would cause prac¬ 
tically all to be in the warmer section, independ¬ 
ent of time of day or brightness of light. 

3. Water entering from the other pool would 
have various effects dependent on whether it 
was warmer than that in the cave or not. If the 
cave was notably cooler than either pool the 
water first passing into the lighted portion and 
cooling it would first prevent the fish from enter¬ 
ing the cave and later as the cave warmed from 
the new water and the open pool cooled they 
would all enter, stimulated both by flow and 
temperature. 

Many of both types of fish were evidently 
gravid during the middle of summer but it is 
doubtful whether any spawning took place as the 
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TABLE II. 


Temperatures and related data. 




Water temperatures °F. 


Date 

Hour 

Cave 

Pool Max. 

Min. 

May 23 

9:00 p.m. 

— 

73 — 

— 2 cave fish in pool 

24 

7:00 p.m. 


— 70 

64 

26 

7:00 p.m. 

— 

— 66 

58 

26 

10:30 a.m. 

62 

69 — 

— 


4:00 p.m. 

60 

67 — 

— 


7:00 p.m. 

— 

— 69 

67 

29 

8:00 p.m. 

— 

— 77 

66 

30 

3:00 p.m. 

66 

67 72 

62 10 cave fish in pool 

31 

8:00 p.m. 

— 

— 74 

60 

June 1 

4:00 p.m. 

63 

62 — 

— 


6:00 p.m. 

— 

— 66 

61 

2 

8:00 p.m. 

66 

65 72 

61 9 river fish in pool 

3 

8:00 p.m. 

— 

— 75 

61 

4 

6:30 p.m. 

— 

— 70 

61 

July 14 

3:00 p.m. 

69 

73 — 

— 

18 

8:00 p.m. 

— 

— 75 

67 

20 

8:30 p.m. 

— 

— 78 

63 

22 

7:46 a.m. 

69 

67 — 

— 


8:00 p.m. 

69 

73 78 

62 

23 

7:46 a.m. 

70 

69 — 

— 


8:00 p.m. 

74.6 

77 82 

67 

24 

7:46 a.m. 

73 

71 — 

— 


8:00 p.m. 

78 

76 81 

68 

26 

8:30 a.m. 

75.5 

75 — 

— 


8:00 p.m. 

75.5 

78 82 

71 

27 

10:30 a.m. 

74 

76 — 

— 


8.00 p.m. 

77 

78 82 

67 

30 

7:30 p.m. 

72 

72 78 

70 

31 

6:30 p.m. 

72 

72 71 

70 

Aug. 2 

9:30 a.m. 

73.5 

73.5 77 

69 


7:00 p.m. 

74 

75 79 

75 

3 

8:00 p.m. 

72.5 

73.5 79 

66 

16 

9:00 a.m. 

66 

67 83 

53 

18 

6:00 p.m. 

64 

66 73 

53 

28 

2:00 p.m. 

65 

66 78 

58 

Sept. 6 

9:00 a.m. 

67.5 

66 79 

53 

8 

10:00 a.m. 

66 

63 70 

56 


1:30 p.m. 

65 

66.5 — 

— 


4:00 p.m. 

67 

66 — 

— 

13 

200 p.m. 

62 

60 — 

— Removed fish, 1 cave, 4 river. 

Mean 


69.2 + 

70.1 - 75.3 -f 

62.9 + 




69.1+ (average of all min. and max.) 

Maximum 


78 

78 83 

75 

Minimum 


60 

60 65 

53 


Note. Columns marked “Max. and Min.” read on a minimax thermometer at hour noted and reset for 
next reading. 


temperatures were probably below their spawning 
threshold. In any event there were no young 
evident, although either eggs or very young fish 
may have been eaten by the adults or by aquatic 
insects if such were actually produced. 

The experiment was terminated with the ad¬ 
vent of cool weather as it was evident that soon 
their lower threshold would be passed. As it 
was, some of the minimum temperatures reached 
and survived by these fish are rather remarkable, 
especially when it is borne in mind that the home 
waters of these fish hover about 80° F. Since the 
fish were variously in and out of the cave it was 
impossible to keep a close check on the actual 
numbers present. When the fish were removed 
on September 13 it was found that only five 
remained, one blind and four eyed. Less than 
two weeks previously many more than this 


number were seen when a warm day drew them 
out of the cave. It is suspected that with the 
cooling water and a failure of their alertness that 
they fell prey to frogs, as the most likely predator 
normally about these pools. No matter what the 
cause of their destruction, under the conditions 
of natural enemies, fluctuating temperatures, et 
cetera, it is dear that a marked differential of 
survival is present. Reduced to terms of per¬ 
centage, 10% of the blind individuals survived 
while 44+% of the eyed ones were still there 
when the experiment was terminated. Although 
it must be admitted that the total numbers are 
small, those that were recovered were in an 
excellent state of vigor and are now in aquaria. 
We have every reason to believe that the differ¬ 
ence in numbers has bearing on both the blindness 
and light color of the cave fish. Incidentally it 
seemed odd that the frogs did not catch the blind 
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fish early in the experiment, for although they 
knew their way around the pool they could not 
tell where a large frog might be floating and if 
both were present would sooner or later bungle 
into the frog's dangling hind le# 2 £. At first this 
unaccustomed accident would cause the frog to 
give a typical fright reaction but soon the frogs 
became accustomed to such incidents and on 
occasion they would turn and act as though to 
pursue the blind fish. The safety of these fish 
seemed to reside in the fact that customarily 
when they do strike into something they ordi¬ 
narily charge off into another direction at top 
speed, and then not infrequently seem to be 
confused and are likely to strike the bottom or 
something else with which they are fully familiar 
and take some little time to quiet down again. 

Discussion. 

Since it has l>een shown that reactions to 
temperature gradients override reactions to light 
in both blind and visual types it may well follow 
that temperature differentials in a state of nature 
form an important influence on the entry and 
further penetration of these caves. There would 
thus seem to be at least three factors in the be¬ 
havior of these fish leading to cave entry. 

1. Negative phototaxis on the part of blind 
fish and a tendency for visual types to hide in 
dark places and peer out. 

2. Positive rheotaxis tending to cause these 
fishes to swim upstream. 

3. Positive thermotaxis tending to cause these 
fishes to move into warmer waters. 

The first two requirements of the environment 
are met by La Cueva Chica and while at the time 
of our visit the subterranean waters were prac¬ 
tically of the same temperatures as surface 
waters, surely at other seasons the ground waters 
are warmer than those of surface drainage. 
During the dry season these ground waters 
should be cooler than these of the surface if they 
were not heated from below, a geologic feature 
of this region with its magnetic layers close to 
the surface and with an abundance of warm 
springs. 

Although the temperatures encountered in the 
field were considerably above those obtainable in 
the pool experiments there is no reason to suppose 
that the fishes' behavior would be any different in 
regard to thermal preferences. Incidental to this 
is the fact shown by Doudoroff (1938) that a 
variety of marine species will select water warmer 
than that of their normal habitat, if given the 
opportunity. 

This finding of a temperature gradient reaction 
helps to account for the presence of fishes as 
remote from the cave's exit as is evidently 
possible for them to reach, for presumably there 
is such a gradient fyom these cave springs, where 
they rise from the depths, to the juncture at the 
river, during part of the year at least, although 
in the short section of the cave available to 
human exploration no such gradient was detected. 


The cave water temperatures taken in a wide 
variety of places varied scarcely at all from 80° 
and this quite erratically. In aquaria, the same 
fish appeared to be not in the least inconveni¬ 
enced by temperatures in the low ninety degrees 
although eggs laid in water of such temperatures 
failed to develop normally. Temperatures as low 
as 65° and for short intervals dropping to 53° 
have been survived. It thus appears that these 
fish have a rather wide temperature tolerance. 
Nevertheless, normally eyed river fish, hatched 
in an unfurnished, rectangular and well lighted 
aquarium with no opportunity to hide at all, 
voluntarily entered a simulated cave where their 
eyes were useless, on the stimulation of slight 
flow or a slight thermal difference. Blind fish of 
the fifth generation raised in light and without 
previous experience behaved the same way. 
Given fishes with three such items in their normal 
lohavior, all that would seem to be necessary, in 
addition, to establish the observed condition in 
La Cueva Chica would be a genetic defect in¬ 
volving the eyes and cave factors of the types 
described. 

The differential in survival under the condi¬ 
tions of the experiment may mean but little in 
terms of the Mexican caves but since the experi¬ 
mental temperatures drew the blind fish out of 
the cave nearly daily it is tempting to imagine 
that, had it l>een possible to reverse conditions 
at will, a much larger number of blind individuals 
would have survived. 

Summary. 

1. Light sensitivity in Anoptichthys is lodged 
in the apparently functionless remnant eye cap¬ 
sule, which may be demonstrated by its removal. 

2. Reactions to temperature overrides the 
influence of light in both the eyed and blind forms 
and rheotaxis interferes to a lesser extent. 

3. Eyed individuals apparently do not attempt 
to destroy blind ones except under conditions of 
close confinement. 

4. Normal river fish, which never before had 
an opportunity, entered a simulated cave on 
temperature differentials of less than 1.5° F. as 
well as on a slight flow emerging from the 
darkness. 

5. Survival in an outdoor pool divided about 
equally l>etween light and dark was in favor of 
the eyed forms slightly better than 4 to 1. 

6. Three factors have been experimentally 
demonstrated as parts of the normal behavior 
pattern of both eyed and eyeless fishes, which 
would tend to make them enter caves similar to 
the one in which found, namely: negative photo¬ 
taxis, positive rheotaxis and positive thermotaxis. 
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EXPLANATION OF THE PLATE. 

Fig. 1. The pool and “cave” as it appeared with the construction work finished but before the 
placement of soil and planting. 

Fig. 2. The jpool and “cave” as it appeared shortly after planting. Later the vegetation became 
considerably more lush, hiding all of the woodwork. 
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in the present paper are results of observations 
made by the author on the Pacific coast of 
Panama during January, 1941.] 
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I. Introduction. 

The present paper is the third of a series 
dealing with the brachyuran crabs of the Eastern 
Pacific Zaca Expedition. My sincere thanks go 
to Mr. Templeton Crocker for the opportunity of 
making these collections and of studying the 
crabs in the field, to Dr. William Beebe for his 
unfailing helpfulness and for leave of absence 
making possible a special trip to Panama, and to 
Miss Janet Wilson for her excellent drawings. 


* Contribution No. 682, Department of Tropical Re* 
search, New York Zoological Society. 


Text-figures 1-7.) 

The references given under each of the two 
species discussed include the type description, 
Rathbun's monograph (1917), and occurrence 
records which have appeared since the latter 
date. The collection is deposited in the labora¬ 
tory of the Department of Tropical Research, 
New York Zoological Society. 

II. Summary of Important Points. 

1. Young crab stages of Ocypode gaudichaudii 
and 0. occidentalis differ from adults chiefly in 
the flatter, more narrow carapace, longer legs, 
larger eyes, more oblique orbits, smaller cnelipeas 
and different coloration. In gaudichaudii the 
ocular stiles and truncate chelae begin to develop 
when the crab is less than half grown, the cara¬ 
pace being around 7 mm. in length when the 
first trace of stiles appears, and 10 mm. when the 
chelae tips begin to show change in form. In 
adult males the stile is only slightly longer than 
in females; this difference is not apparent in 
young crabs. 

2. Adult gaudichaudii apparently alone of all 
the genus feeds habitually on microscopic organic 
matter in the sand, just as do crabs of the related 
genus Uca. In aaudichaudii 9 however, the tech¬ 
nique differs: first, a raking motion of the 
truncate chelae is substituted for the pinching of 
sand by the pointed, spooned chelae in Uca; 
second, the specialized endites of the first maxil- 
lipeds form sand pellets which drop of their own 
weight, instead of being wiped off as in Uca. 
Young gaudichaudii habitually, and adults 
rarely, prey on small crustaceans, insects and 
worms, ana sometines add wood and seaweed to 
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Text-figure 1. 

Shore collecting stations of the Eastern Pacific Expeditions of the New York Zoological Society. 


their diet. 0 occidentalis is a predator and 
scavenger. 

3. 0. gaudichaudii is diurnal, occidentalis noc¬ 
turnal except when very young. 

4. In contrast to the racing dodging, burrowing 
adults, the young of gaudichaudii run only a 
short distance when pursued, then flatten them¬ 
selves in the sand, where protective coloration 
aids them in escaping observation. 

5. Also included in the present paper are 
descriptions of color in life, stridulation, habitat, 
burrows and daily schedule, with special emphasis 
on gaudichaudii . Abdominal appendages of the 
three American species, gaudichaudii , occidentalis 
and albicans , are illustrated. 


III. Key to Immature Ocypode from the 
Eastern Pacific. 

0 . occidentalis and 0 . gaudichaudii , although so 
distinct in the adult, are superficially indistin¬ 
guishable up to a length of about 7 mm., when the 
ocular stiles and truncate chelae of the latter 
species begin to develop. However, they may be 
distinguished when alive by color differences, and 
when preserved by the proportions of the buccal 
frame, as shown from the following key. The 
smallest specimens studied were about 4 mm, in 
length. 

The length of the ischium of the third maxil- 
liped is measured along its external margin in a 
straight line, as far as but not including the 














299 


1941] Crane: Crabs of the Genua Ocypode 


basal process; the breadth of the ischium is 
measured across the distal margin. The accom¬ 
panying diagram illustrates these points. 



la. Living crab with a spot of brilliant scarlet on 

middle of posterior gastric region, and others 
on one or more of the meri of the last three 
pairs of ambulatories. Breadth of ischium 
of third maxilliped 58 to 09 per cent of its 
length. (xndmtolis, p. 308 

lb. Living crab without scarlet spots. Breadth of 

ischium of third maxilliped 77 to 85 per cent 
of its length . gaudichaudii , p. 209 

IV. Grabs of the Genus Ocypode Taken by 
the Eastern Pacific Zaca Expedition. 

Ocypode gaudichaudii Milne Edwards & Lucas. 

Text-figs. 2; 4 A, B, C, D; 5 B, D, F, H; 6 B, D; 7 E, F; 

PI. 1, Fig. 1; PI. II, Figs. 3, 4. 

References: Ocypoda gaudichaudii Milne Edwards & 
Lucas, 1843. p. 26; 1847,jpl. 11, Arh. 4-4b. 

Ocypode gaudichaudii, Hathbun, 3917, p. 373; pi. 129, 
Ag. 1; pi. 130, Ar. 1; Boone, 1927. t>. 267, fig. 96A, 1929, 
pp. 502. 580; Pesta, 1931, p. 174, Sivertsen, 1934, p. 19; 
Crane, 1940, p. 67 ; text-figs. 1-8. 

Range: Gulf of Fonseca, El Salvador, to Chile; 
Galapagos Islands. 

Local Distribution: Found on more or less pro¬ 
tected beaches and on the shores of lagoons. In 
one locality (Bahia Honda, Panama), there were 
more than 3,OCX) crabs on a beach measuring 
about 175 X 400 feet. Very rarely found on the 
same beach with 0. occidentalis , and then usually 
one or the other species occurs in the young stages 
only, so that its presence is doubtless accidental. 

Size: The 55 specimes in the present collection 
measure between 4.8 and 29 mm. in length of 
carapace. One of Sivertsen’s (1934) males from 
Galapagos was 36 mm. long, and a female 34 mm. 

Sexual Characters: Except for the probably 
larger maximum size and slightly longer ocular 
stiles of the male, there are no apparent secondary 
sexual characters. The form of the abdominal 
appendage in this genus, as in Uca, varies among 
the species, so that it should prove a valuable 
taxonomic character in the determination of 
dubious forms. Plate II, Figs. 4, 5 and 6 illus¬ 
trate the appendages of the three American 
species. 

Color: This species ranges in general color from 
brilliant coral red to dark brown, marbled or 
mottled with brown, yellow and yellow-green. 
The exceedingly variable color is affected by a 
number of factors, including the color of the sand 


upon which they live and the sex and size of the 
individual. No precise observations have yet 
been made on the influence of light and tempera¬ 
ture on the one hand, or of physical and emo¬ 
tional states on the other, but these will un¬ 
doubtedly prove to be of great importance, and 
the crab found to be capable of considerable 
individual variation. The only exact notes 
taken on the latter subject concerned an oviger- 
ous female: the sides of the carapace were gray- 
violet when the crab was captured on a dark, 
stormy day after a long chase over light sand; 
they changed to moderately bright coral red 
after two days in a box kept partly in sunshine, 
its bottom being covered with the same light 
sand. There was no color change at night. 
Compare especially the observations of Cowles 
(1908) on color change in 0. albicans , Ahramo- 
witz Abramowitz (1940) and Brown (1940) on 
the effect of eyestalk removal in Uca } and Crane 
(1941) on color change in courting Uca. Similar 
experiments and observations made upon 0. 
gaudichaudii should yield interesting results. 

In regard to the effect of the environment, it 
was obvious that crabs on light sand were 
brightest, with a great deal of orange, camelian 
and coral pink, while those on dark, volcanic 
sand were darkest, with these brilliant colors 
replaced by browns, rusty oranges and pale 
pinks. In any group the adult males were 
brightest, the females paler, the young palest. 
In specimens less than about 15 mm. long, the 
parts that were yellow in adults were white, 
those that were coral or camelian red were 
lavender or violet; especially noticeable in the 
young was a band of violet across the posterior 
part of the carapace. 

Colors of adult males have been noted in detail 
as follows: ground color of carapace ranging from 
bright coral or camelian red in colonies living on 
the palest yellow sand, through coral pink and 
rusty orange, to dark brown in colonies on dark 
slate-colored sand; carapace with mottlings or 
marblings ranging from pale lemon yellow or 
chartreuse with dark brown to ochre or char¬ 
treuse with cream and white; sides of carapace 
brilliant clear orange to scarlet orange, sometimes 
mottled with pink. Eye sockets bnlliant orange 
to dark brown; stalks coral red to pearl gray; 
eyes pearl gray; stiles scarlet orange to yellow- 
brown. Merus and carpus of chelipeds orange 
or orange-brown above with brown mottlings, 
huffy yellow below and on inner surface; upper 
third of manus bright coral pink or orange to 
dark brown; lower two-thirds pinkish-white to 
lemon yellow; chelae coral pink, orange or lemon 
yellow. Posterior (dorsal) surface of ambula¬ 
tories usually like carapace, but dactyls are buff 
when crab lives on light sand, olive green when 
on dark sand; anterior (ventral) surface of am¬ 
bulatories usually pale. Sternum and abdomen 
bright coral pink, sometimes mottled camelian 
red, yellow and white, sometimes fading into 
white posteriorly. 

Early Crab Stages: Several excellent studies on 
the growth of Ocypode have already been pub- 
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Text-figure 2. 

Ocypode gaudichaudii . Growth stages. Carapace lengths: A, 4.8 mm.; B, 7.2 mm.; C, 10 mm.; 
D, 29 mm. 


lished, notably those of Cott (1929), Huxley 
(1931) and Sandon (1937). It seems worthwhile, 
however, to summarize and illustrate the changes 
occurring during growth in gaudichaudii , es¬ 
pecially since this species is more specialised than 
others studied {ceratophthalma and aegyptica ). 

The changes in gaudichaudii were studied from 


a series of 64 specimens ranging in length from 
4.8 to 29 mm., the carapace being measured in 
the median line. The outstanding growth char¬ 
acters of the young are as follows, all of the ob¬ 
servations being of course relative to the size of 
the crab, 

1. The carapace is broader than in the adult, 
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Text-figure 3. 


Ocypode occidentalism Growth stages. Carapace lengths: A, 4.2 mm.; B, 6.9 mm.; C, 10 mm.; 

D, 25 mm. 

breadth being greatest when the crab is about 5. The eyestalks are longer and thicker, but 
7 mm. long. there is no trace of stiles until the crab reaches a 

2. The carapace is leas deep. length of about 7 mm. In their early stages, the 

3. The orbits are more oblique. stiles are equipped distally with a few hairs, as 

4. The eyes are enormous, being broader and in adults of certain other Ocypode . The stiles 

thicker as well as longer. will be further discussed below. 
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*6. All the joints of the chelipeds are more 
slender, the width of the manus being only 
three-fourths that of the grown crab in a speci¬ 
men 4.8 mm. long. 

7. The chelae show the first signs of truncation 
when the crab reaches a length of about 10 mm. 

8. A stridulating ridge is present even in the 
smallest (4.8 mm.) crabs, but is composed only 
of minute, homogeneous granules, instead of 
having parallel, elevated lines in its upper half. 
In these smallest examples the inside of the palm 
is slightly hairy. 

9. The ambulatories are relatively longest 
when the crab is about 7 mm. in length. 


10. The colors of the young have already been 
noted (p. 299). 

11. The crabs appear, anatomically, to reach 
maturity at a length of around 22 to 24 mm.; this 
point cannot, however, be settled until more is 
known of their breeding habits. The only 
ovigerous female taken measured 27.5 mm. in 
length. 

Stiles: A number of writers (for example, 
Ortmann, 1894, p. 768, Lanchester, 1900, p. 759, 
and Gordon, 1934, p. 9) have mentioned the fact 
that in other species of Ocypode furnished with 
ocular stiles the latter are absent in the young 
and reach their maximum development in large 
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males. In. 0. ceratonhtkdma, stiles do not slightly concave, and this characteristic, com- 


begin to develop much before a length of 20 mm. 
is reached (Lanchester, ibid.), in contrast to 
gaudichaudii, in which, as has been said, stiles 
are first visible at a length of about 7 mm. In 
gandichaudii, too, the sexual difference in stile 
length is relatively slight, and is not apparent at 
all until the crab measures about 20 mm. In¬ 
deed, in smaller crabs, the stiles on the average 
are even slightly shorter in males than in females. 
In both sexes, the stile grows more rapidly after 
the crab has reached a length of about 20 mm. 
The following table is based on a series of 31 
males and 23 females. 

Length of carapace Length of stile in mm . 
in mm. Males Females 

4.8 to 6.6 Absent Absent 

7 to 14 0 2 to 1.2 0.1 to 1 0 

15 to 19 1.1 to 1.9 1.3 to 2.4 

20 to 24 2 4 to 4 3 2 4 to 3.5 

25 to 29 4 6 to 7.5 3.2 to 5 5 

Largest male, 29 mm. long, stile length 7.5 mm. 
Largest female, 27.5 mm. long, stile length 5.5 
mm. 

Dembowski’s detailed description (1013) of the 
glandular organs of the ocular stile and stalk of 
ceratophthalma has apparently not been super- 
ceded, while Parenzan (1931) ascribed to the 
stiles of the same species a tactile and protective 
function in addition to their glandiferous 
capacity. It will l>e interesting to study in detail 
the functions of both stiles and glands, and to 
determine whether the latter control chromato- 
phore expansion, as do the sinus glands in the 
eye-stalks of Uca and other crustaceans (see for 
example Abramowitz & Abramowitz, 1940; 
Brown, 1939; and Kleinholz & Bourquin, 1941). 

Food , Feeding and Mouthparts: Unlike other 
members of the genus, which are confirmed 
predators and scavengers in the usual sense of 
the word, gandichaudii, except when very young, 
feeds almost entirely on microscopic organic 
matter washed onto the sand by the tide, exactly 
as does Uca. As in the latter genus, the minute 
particles of animal and vegetable matter are 
gathered by sifting pinches of sand through the 
mouthparts and dropping the remaining sand in 
small pellets from the posterior part of the buccal 
region. In feeding, alternate claws are used, at 
the rate of four scoops to the second; j>ellets 
emerge at two to the second. Rejected pellets 
of large crabs measure on the average one- 
quarter to three-eighths of an inch in length and 
are broadly oval. 

The details of the method by which the food is 
gathered, although analogous to the procedure 
in Uca, are in 0 . gandichaudii unique. In Uca 
the minor chelae are spooned, and literally 
pinch up clawsful of sand, the dactyl being 
widely extended before every pinch. In 0. 
gandichaudii, the sand is not picked up between 
the chelae, but instead the latter are held almost 
closed, and used simply as broad-toothed rakes, 
scraping backward, inward and upward. The 
inner surfaces of both dactyl and pollex * are 


bined with their truncate tips, must make them 
almost or quite as efficient sand-gatherers as the 
entirely different chelae of Uca. Each scoop of 
sand, as in Uca, is swiftly lifted to the anterior 
end of the buccal cavity, where it is swept from 
the chelae by the palps of the third maxillipeds. 
No way has yet been found of watching exactly 
how the organic matter is separated inside the 
mouth, although as in similar observations on 
Uca the parts can be seen to be in rapid motion. 

Whatever the details of manipulation in 
gaudichaudii, it is apparent that the sand about 
to be rejected is formed into a pellet in the middle 
of the lowest (most posterior) part of the buccal 
cavity, between the enlarged endites of the first 
maxiilipeds. The pellet is not wiped off by the 
chelae, as in Uca, nor does the sand simply ac¬ 
cumulate outside haphazardly and drop by means 
of gravity; instead, it appears to be carefully 
moulded into a pellet, by the up-and-down mo¬ 
tion of the endites, and dropped. Since damp 
sand lacks much of the stickiness of mud, such 
a procedure is practicable in this crab, whereas 
it would l>e impossible in most Uca , which are 
largely mud-feeders (cf. Crane, 1941). The 
technique of separation is not perfect, since 
small amounts of sand are usually found mixed 
with the organic matter in the alimentary canal. 

A comparison of the mouthparts of gaudi¬ 
chaudii with those of occidentalis is enlightening. 
The latter in feeding habits is a typical Ocypode, 
the west coast analogue of albicans, and feeds on 
the usual assortment of seaweed, carrion, ara- 
phipods, insects, etc. I have never seen it put 
sand into its mouth, and have rarely found 
grains in its stomach. 

In gaudichaudii, the entire mouth field is much 
larger than in occidentalis, ranging from 25 to 30 
per cent, more in both length and width, and 
with the parts correspondingly larger, a condition 
which is apparently useful in manipulating large 
quantities of sand. In gaudichaudii, too, the 
hairs on the mouthparts are much longer and 
thicker, although not as long as in mud-living 
Uca' s, where even more straining work is neces¬ 
sary than in sand-living Ocypode. Specifically, 
the hairs on the inner margins of the third maxil¬ 
lipeds are up to more than three times as long, 
and those on the second maxillii>ed one and a 
half times to twice as long. The maxillae are 
also larger and tougher and the mandibles 
slightly longer. There are no pectinated spoon- 
tipped hairs, so characteristic of most fiddler 
crabs, on the second maxilliped of either species 
of Ocypode; in both, however, there is a row of 
short, thickened hairs on the inner (dorsal) side 
of the merus and a cluster of similarly thickened 
and slightly concave hairs among the normal 
ones on the tip of the palp; these stout hairs are 
slightly longer and more numerous in gaudichaur 
dii than in occidentalis. The anterior margin of 
the sternum is broader in gaudtickaudii , squared 
off and slightly concave, jjerhaps for better re¬ 
tention of the sand during manipulation, while 
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Text-figure 6. 

Mouthparts of Otypode. A, second maxilliped, occidnitahb, B, same, gauduhaudn, C, third 
maxilliped, occuJnitalu; D, same, gaudichaudii. All X 4.1, from <?’& 25 mm. long. 


in occidental! s this area is narrower, sloping and 
convex. 

The most interesting of the differences, how¬ 
ever, lies in the development of the proximal 
endites (basipodites) of the first maxilhpeds 
In Ocypode as in Uca there is considerable space 
between the anterior tip of the sternum, which 
extends upward between the maxillipeds, and the 
mandibles. In gaudichaudii , however, there is 
twice as much as in occidentals , in which the 
extra space is negligible In gaudichaudii this 
extra space is occupied chiefly by the proximal 
endites of the first maxillipeds—which, instead of 
lying almost useless on each side of the sternal 
projection, with their flat sides turned backward 
against the Btemum (as in grapsids, portunids, 
etc.), are in gaudichaudii ana Uca enlarged, 
thickened, and their flat surfaces closely opposed 


to each other, exactly like a pair of butter-ball 
paddles. The distal endites (coxopodites) and 
the maxillae, in normal position, thus support 
and strengthen them laterally, instead of being 
anterior to them. In occidentals the general 
form and position of the proximal endites are 
almost the same, but they are so small and weak, 
and there is so little space for them that they 
obviously could not function as paddles. 

An examination of a series of alimentary 
tracts combined with observation in the field, 
showed first, that feeding habits changed with 
growth and, second, that large crabs occasionally 
varied their planktonic diet with other items. 
Twenty-one stomachs and intestines were ex¬ 
amined, from crabs measuring between 5 and 29 
mm. in length, taken in eight different localities. 
This series divided itself naturally into two parts, 
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one including crabs less than 9 mm. in length, 
and the other of those longer. The seven ali¬ 
mentary canals comprising the first group con¬ 
tained no trace of sand, and the oontents con¬ 
sisted entirely of amphipods and tiny insects, 
including beetles, in an easily recognizable state. 
Obviously at this Btage, in which the chelae have 
not become truncate, the crabs are chiefly 
predators—just as they were in the megalopal 
stage—and, doubtless, scavengers as well. 
Similarly, their food is identical with that of 
other Ocypode from the young of which, physi¬ 
cally, they are scarcely to be distinguished. 

After a length of 9 or 10 mm. has been attained, 
however, the crabs commence feeding almost 
entirely by means of sifting plankton from the 
sand. Correlated with this is a concomitant 
development of the truncate chelae. As was to 
be expected, the stomach contents of this second 
group, numbering 14 crabs, consisted of particles 
of organic detritus, including diatoms and 
minute algae. Ten stomachs included more or 
less sand in addition. In only four was non- 
planktonic matter found, and in these sand was 
present in the intestine, showing that the un¬ 
usual food was not habitual: the stomachs of two 
adults from the same locality held isopods and 
bits of wood; another had worm spicules and 
pieces of seaweed; and a fourth held a small crab, 
probably Sesarma. These must be regarded as 
exceptional; several times I have seen large 
colonies of gaudichaudii scooping up the sand, 
while a dead fish or bird lay untouched in their 
midst, although hermit crabs busily feeding on 
the carcass attested its worth as food to true 
scavengers. 

I have never seen a member of this species 
behave as reported to Miss Rathbun (1917, p. 
374) by Tristan, although I have baited them 
with a number of objects, edible and inedible, 
including both animal matter and seaweed: “If 
anything falls near them,” wrote Tristan, “they 
jump at it with extraordinary rapidity, as a 
spider in its web, and try to secure it witn their 
claws so as to carry it off quickly to their holes. ” 
Similarly, I have never found material of any 
kind in their holes. 

The only mention I find of other Ocypode 
feeding in the manner of gaudichaudii is that of 
Takahasi (1935), who reports that the young of 
ceratophthalma and cordimana feed on plankton 
and make “sand-balls,” along with Uca, Sco- 
pimera , Jlyoplax and Mictyris. It is interesting 
that the young of gaudichaudii are, in contrast, 
predators. 

Burrows: The burrows are of three main types, 
and I have not been able to discover that each 
type is the work of a certain size or sex, or dug 
in a given sort of locality. The most usual form 
made by adults seems to be a burrow which 
goes 6 to 12 inches straight down, then turns at 
a right angle or more and continues for an almost 
equal distance. Other individuals, however, dig 
straight down for six inches, and then continue 
in a slow spiral. Still others dig a simple, oblique 


burrow about nine inches long, ending about six 
inches underground. To discover which, if any, 
is the normal type, plaster casts must be taken 
in a number of localities. 

The method of digging agrees in general with 
the method used by other Ocypode, the sand 
brought up being carried by the first and second 
ambulatories on the side of the minor cheliped 
(the side which usually enters the hole first and 
leaves last). The minor cheliped is laid flat 
against the load of sand, bearing no weight, but 
holding it in place. Small loads may be taken 
two or three feet from the hole and flicked six 
inches still farther, being flung sideways and for¬ 
ward through the legs and under the cheliped of 
the other side. Large loads, however, which in 
large crabs are the usual kind, are simply dumped 
close to the hole. 

In Panama City I noticed a habit which had 
not been apparent in crabs farther north. When 
the load has been released near the hole, the 
crabs deliberately stamp the sand flat with the 
outer sides of the palm of the chelipeds rapping 
alternately and quickly against the ground. 
Simultaneously similar motions are made by tlio 
dactyls of the first two pairs of ambulatories, 
which, instead of bearing the weight of the crab 
on their tips in the usual fashion, are turned in¬ 
ward, so that the weight rests on the dactyls' 
entire length, and more pounding surface is 
given. By just a few of the patting motions the 
heap of sand becomes almost indistinguishable 
from its surroundings; on the way back to the 
hole after an absence the crab usually continues 
the process, apparently to take care of any stray 
slippings. Also, they frequently stamp in the 
immediate vicinity of the hole even when they 
have not brought up a load. 

The procedure was exactly similar to that ob¬ 
served in male Uca in preparing a smooth display 
pound, free from pellets and digging lumps alike, 
in front of its burrow. All the instances were 
seen on rather dry sand in January. No evidence 
of courting activity was seen, although it may be 
that this action is connected with it. It was not 
seen in equally detailed observation of the 
species at Bahia Honda, in northern Panama, in 
March. It may, of course, be connected only 
with the type of sand, but it is worth noting that 
it may prove to be a definite part of courtship. 
Among these stamping crabs a number of rudi¬ 
mentary fights were seen; chelae were never 
locked as in Uca , but were used only in very 
brief sparring matches. 

In one instance, a large crab, the sex of which 
was not determined, stamped down a fresh load 
carefully, then darted eighteen inches away to 
the newly started hole of a smaller crab. The 
latter had brought up three or four loads and 
dumped them in as many different places, with¬ 
out stamping them down at all. Tne first crab 
stamped down one of the second crab's loads, 
then chased the animal several feet, watched it 
keep on running, then returned to the newly 
started hole and deliberately kicked sand into it 
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until it was almost indistinguishable from the 
surrounding beach. The aggressor then returned 
to its own hole and resumed repair work. 

Defeme: Crabs of this species employ four 
distinct types of defense mechanism, according 
to their size. The smallest noticed, measuring 
less than 8 mm. in length, are perfectly matched 
to the sand in color, being finely and evenly 
marbled with buff and black on carapace and 
legs. They take every advantage of the simi¬ 
larity in color, since they run only a few feet, or 
dodge a few inches, when pursued, then flatten 
themselves and remain motionless on the open 
sand. These smallest crabs were not seen to 
escape down holes, even when they were at hand, 
and apparently had none of their own; the 
smallest crabs found digging burrows measured 
between 7 and 8 mm. in length. 

If a moderate-sized crab—that is, one too 
small to have any orange developed dorsally— 
is dug up and, its hole having been destroyed, 
allowed to escape, it will, if pursued with moder¬ 
ate force, try to take refuge m a footprint or any 
other kind of depression in the sand, where it 
flattens itself and blends in color exceedingly 
well. However, if still pursued, it will descend 
any available hole. 

Large crabs when pursued never depend on 
flattening in a depression to escape notice, which 
would, of course, be impossible thanks to their 
usually striking color, Instead, they run swiftly, 
in typical Ocypode fashion, to their own hole if 
possible, or, if not, to that of any neighbor; if this 
is impossible they dodge and double on the open 
sand, or seek the shelter of nearby rocks. None 
of this species, of any size, was seen to take to the 
water except for a single ovigerous female, which 
was apparently abating her eggs. 

Large crabs at bay employ the fourth means of 
defense, which, of course, is the assumption of a 
threatening attitude, with the nippers upraised 
and open, as the crab makes every attempt to 
pinch the attacker. 

Stridulation: Alcock's (1892, p. 336) and 
Anderson's (1894, p. 138) observations on the 
use of stridulation apply equally well to this 
species. Whatever its other uses, if any, it cer¬ 
tainly is a means of warning trespassers that a 
burrow is occupied. More than a dozen crabs of 
both sexes were dropped into the holes of as 
many others. In each case, when the ear was 
bent over the hole, distinct twittering squeaks 
were heard, especially at first. However, if I 
remained in position, apparently giving evidence 
of my presence through the shading of the hole, 
the two crabs always seemed to come to some 
sort of compromise in regard to sanctuary, the 
squeaking ceased, and the trespasser remained 
down the strange hole indefinitely. Naturally, 
strange large males caused the most commotion. 
The usual result, as found by subsequent dig¬ 
ging, is for the newcomer hastily to dig itself a 
little niche in the side of the tunnel, the displaced 
sand forming a loose plug in the mouth. The 
scrape of the bodies against each other and the 


digging sounds can be heard, quite distinct from 
the stridulation. Although tne latter may be 
imitated artificially with a crab held in the hand, 
it is higher pitched when performed naturally in 
a burrow. Presumably only the rightful owner 
stridulates, but this point has not been checked, 
as it could perhaps be in a glass-sided terrarium. 
If the observer retires promptly to a distance of 
about twelve feet, the trespasser will emerge 
within two minutes, and pause at the mouth for 
several minutes more until certain that the danger 
is past. 

Miss Rathbun (1917, p. 374) quoted a note 
from Tristan regarding this species as follows: 
“ . . . at low tide the crabs begin to come out 
sideways, remaining on the edge of the holes and 
hiding very quickly at the slightest noise.” 
Although they are extremely sensitive to move¬ 
ment, my own observation and experiments in¬ 
dicate that noises (excluding, of course, their own 
stridulation) have absolutely no effect on them. 

Daily Schedule: The following notes are based 
chiefly upon observations at Bahia Honda, 
Panama, on a large colony living on light sand. 
The beach is close to the mouth of the bay, but 
protected from the full strength of the surf by an 
island close to shore. The holes as usual were all 
in the upper third of the beach, and covered at 
high tide. 

These crabs are decidedly diurnal, and their 
daily routine is similar whatever their habitat. 
An individual, upon emergence from his hole 
near high tide line as the water recedes, is ap¬ 
parently very tired, and sits beside its hole, 
obviously resting, leaning first on one side, then 
on the other. At the slightest disturbance, even 
the close approach of a neighboring crab, it will 
reenter its hole. However, hermit crabs some¬ 
times come up and touch a recently emerged 
Ocypode without the latter's paying the slightest 
attention. After some minutes' rest, during 
which some of the clinging sand has dried and 
fallen off, the crab cleans itself thoroughly, be¬ 
ginning with the polishing of the eyes with the 
palp of the third maxilliped. Not until almost 
an hour has passed do the largest crabs start 
toward the edge of the tide to feed. At first they 
walk slowly, tnen more rapidly, and at last gain 
their usual racing gait. 

Feeding is carried on just in advance of the 
tide for an hour or more. Then the crabs return 
to the upper beach. (It is not yet certain that 
they return to the same holes they occupied 
during the preceding high water.) In any case 
each crab finds itself a burrow, which it repairs 
or enlarges according to its needs, or, rarely, it 
digs a new one. This work is punctuated with 
periods of feeding close to the hole. Sometimes 
there is still time after burrow repairs to feed at 
a distance again. Then the crabs gradually re¬ 
tire to their burrows, usually pulling in a plug of 
sand after them, until, fifty minutes to an hour 
before high tide, not a crab is left on the beach. 

An interesting relationship was noted at 
Honda between the crabs and a nocturnal hermit 
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crab, not yet identified. This crustacean often 
was seen to come down from the jungle and enter 
the recently vacated hole of a beach crab, pull in 
a plug of sand, and spend the rest of the day, 
including, apparently, the succeeding high tide, 
if darkness did not fall before. Ocypode returning 
from the lower beach to find holes were never 
seen to pay the least attention to these newly 
occupied burrows, and no crabs appeared to be 
lost, or searching, in their vicinity. It may be 
that Ocypode, on broad beaches such as this, 
where they feed far from their holes, do not have 
a sense of property in regard to their burrows, 
once they have abandoned them after high tide, 
whereas crabs on narrow beaches, never straying 
far, may inhabit the same holes day after day. 

0. gaudichaudii , as has been said, is active 
only during the day. In Panama City, on two 
nights, one brilliantly moonlit and the other 
dark, visits were made to the quite deserted 
beacn where these crabs were numerous during 
the day. Although the holes had been opened by 
the crabs since the high tide (which fell after 
dark in each case), still not a crab had been 
feeding, as shown by the complete absence of 
pellets. The crabs themselves were usually 
found to be near the top of their sloping burrows, 
apparently asleep, since they were dug out with¬ 
out difficulty, whereas in daylight they always 
had to be dug from the very bottom of the long 
burrow. 

The following is a typical time table of their 
daily activities, worked out from several days' 
observations on the broad beach at Bahia Honda. 
Sporadic observations made elsewhere agreed 
with these. 


Hours After 
High Tide 

H 


1 

2 

2-6 


Hours Before 
High Tide 
3-1 


1 


First young crabs emerge. (Since 
holes are not deep, tide leaves 
them first.) 

First large crab emerges. 

First large crab goes down to water's 
edge. 

Migration of crabs fo wafer’s edge; 
the largest last, since they have 
deepest holes. 


Most crabs redigging holes and 
feeding intermittently around 
holes and at water’s edge. 

Last crab in bole Largest are last 
to descend. 


Obviously, this program can be carried out 
without postponement, interruption or curtail¬ 
ment due to darkness only when high tide is in 
the early morning or late afternoon. At Panama 
City, where there are exceptionally high tides, 
some members of a colony inhabited burrows 
which were not covered by neap tides. These 
individuals apparently spent most of their time 
quiescent in their holes during these periodic 
“droughts.” More study is needed on this 
subject. 

Material: In addition to the zoeae and mega- 


lopa recorded in a previous paper (Crane, 1940, 2 
pp. 67, 70), a total of 55 specimens of 0. gaudi¬ 
chaudii was taken by the Eastern Pacific Zaca 
Expedition in the following localities: Mean- 
guera I., Gulf of Fonseca, El Salvador (Cat. No. 
37,677); Corinto (37,736) and San Juan del Sur 
(3838), Nicaragua; Port Parker (3857), Port 
Culebra (38,141), Piedra Blanca Bay (38,198), 
Uvita Bay (38,442), Golfito (38,529) and Parida 
Island (38,651), Costa Rica; Bahia Honda 
(38,682), Panama; Gorgona Island (38,838), 
Colombia. In addition, 11 specimens were taken 
in Panama City, Panama, in February, 1941 
(Cat. No. 4150). 

Ocypode occidentals Stimpson. 

Text-figs. 3; 4 E, F; 5 A, C, E, G; 6 A, C; 7 A, B; PI. 

II, Fig. 5. 

References: Ocypoda occidentalis Stimpson, 1862. p. 229. 

Ocypode occidentals. Rath bun. 1917, p. 372, pi. 129, 
figs. 2, 3; Rathbun, 1923, p. 632; Boone, 1929, pp. 662, 
680, fig. 10; Crane, 1940, p 70, text-figs. 3-8. 

Range: Turtle Bay, west coast of Lower 
California, to Peru. 

Local Distribution: Almost always found on 
unprotected beaches wliich are beaten by heavy 
surf. Occurs rarely on outer beaches somewhat 
protected by mud flats. 

Size: The 35 specimens in the present collection 
measure between 3.9 and 24.5 mm. in length of 
carapace. The male eo-type measured 43.2 mm. 
long. 

Color: This species is much less highly colored 
than gaudichaudii , being always very pale, and 
always found on light sand. The carapace and 
legs of adults show marblings of gray and white 
on olive; the joint l>etween merus and carpus of 
chelipeds is darkest, usually brownish; manus of 
chelipeds, all dactyls and underparts white. 

The young are much more boldly patterned, 
with dark brownish-gray or even black marblings 
and splotches on olive buff. Legs banded ir¬ 
regularly with dark brown and gray. In the 
smallest there is a spot of scarlet in the middle of 
the posterior gastric region, and another on the 
merus of the last three pairs of ambulatories. 
In specimens of around 10 mm. in length, the red 
spots remain only on the gastric region and the 
most posterior ambulatory. In large crabs, 
measuring around 20 mm. or more, no trace of 
scarlet is found. 

Early Crab Stages: Excluding the remarks con¬ 
cerning the specialized ocular stiles and chelae, 
the account of the young stages of gaudichaudii 
(p. 299 ff.) applies equally well to the present 
species, except that the stridulating ridge is not 
discernible in occidentaHs until a length of about 
6 mm. is reached. As shown in the 
the young of the two forms may be 

* In this paper reference was inadvertently omitted to 
Kemp’s (1916) quotation of Annandale’s notes concerning 
the behavior or the megalopa of O. macrocera . Dr. 
Annandale found that they made rudimentary burrows 
under the shelter of beached catamarans, became pale 
in strong light, and that they were preyed upon by adult 
crabs and, apparently, by ants. (Kemp, “Fauna of 
the Chelka Lake. Crustacea Decapoda. Mem, Ind. 
Mus. Calcutta 6, 1916, pp. 219-220, text-fig.) 


key (p. 299), 
distinguished 
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B D F 

Text-figure 7. 

Major chelae of adult males in Ocypodc. A, occidentalism outer side; B, same, inner side; C, 
albicans , outei bide; D,same, inner side; E, guaduhaudn , outer side; F, same, inner side. All X 1.6. 


by their coloration when alive and, when pre¬ 
served, by the proportions of the ischium of the 
third maxillipea. From a phylogenetic point of 
view, it is interesting that m young occidentalis 
the orbital angles are even less advanced than in 
adults of the Atlantic species, albicans, although 
in adult occidentalis the reverse is true Speci¬ 
mens measuring around 20 mm in length appear 
to be mature. None of the few large specimens 
in the present collection seemB to be near breeding 
condition. 

General Habits: This species is clearly the 
analogue of the Atlantic albicans , and their 
habits turn out to be very similar, while utterly 
dissimilar to those of gaudichaudu. Like the 
Atlantic form, the present species is wholly 
nocturnal when adult, although the young are 
also active during the day. They are typical 
predators and scavengers at all ages. 

The alimentary canals of twelve specimens 
were examined, from crabs measuring between 
6 and 25 mm. in length, taken in eight different 
localities. The contents were distributed as 
follows: Amphipods were present m four speci¬ 
mens, beetles in four, seaweed in three, worms 
(setae and jaws) in two, Thysanura in two, a 
minute sea urchin in one, and one was empty. 
In four a few sand grains were mixed with the 
organic matter. 

Material: In addition to the megalopa recorded 
in a previous paper (Crane, 1940, p. 70), a total 
of 35 specimens of 0. occidentalis was taken by 
the Eastern Pacific Zaca Expedition in the fol¬ 
lowing localities: Banderas Bay (Cat. No. 
37,132). Chamela Bay (37,165), Tenacatita Bay 
(37,199), Acapulco (37,278), and Port Guatulco 
(37,445), Mexico; Gulf of Fonseca near Potosi 
River (37,702) and Corinto, Nicaragua; Port 
Culebra (38,125), Costa Rica; Bahia Honda 
(38,698), Panama. 
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EXPLANATION OF THE PLATES. 


Plate I. 

Fig. 1. O. gaudichaudii. Buccal frame of adult 
female, carapace length 25 mm. E marks 
enlarged enaite of first maxilliped. Bahia 
Honda, Panama. X 3.5. 

Fig. 2. 0. occidental^. Buccal frame of adult fe¬ 
male, carapace length 24.5 mm. Port 
Guatulco, Mexico. X 3.5. 

Plate II. 

Fig. 3. 0. gaudichaudii beside burrow, with heap of 
excavated sand, feeding pellets and scraping 


marks of truncate chelae. Bahia Honda, 
Panama. 

Fig. 4. O. gaudichaudii. Right abdominal append¬ 
age, right lateral view. Carapace length 25 
mm. Panama City, Panama. X 6.6. 

Fig. 5. O. occidenfalu. Right abdominal appendage, 
right lateral view. Carapace length 25 mm. 
Cnamela Bay, Mexico. X 9.2. 

Fig. 6. O. albicans. Right abdominal appendage, 
right lateral view. Carapace length 24.5 
mm. Bermuda. X 6.4. 
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Introduction. 

The study of the mechanism of flight of the 
Exocoetidae has long been handicapped by a lack 
of good photographs of the performance. Such 
knowledge as we have of the factors involved has 
been based on simple observation and the inter¬ 
pretation of studies on the morphology of the 
Exocoetidae. That this was still in a not alto¬ 
gether satisfactory state led Breder (1937 and 
1938) to remark rather sharply about the general 
attitude on the problem. Further no one can 
deny that there are still a host of details, a 
knowledge of which would be both of practical 
aerodynamic and academic value. 

The first satisfactory photographs of flying 
fishes in various stages of flight are presented 
herewith with such interpretations as may be 
made from them. The photographs were taken 
on the east coast of Catalina Island, California, 
at night, during July, 1940, by one of the authors, 
Edgerton. They all represent the species 
Cypselurus califomicus (Cooper) and are all 
results of the high-speed electrical flash photog¬ 
raphy method developed at the Massachusetts 
Institute of Technology. The value of this 
device for biological pursuits concerning loco¬ 
motor matters involving high speeds is obvious. 
See Edgerton & Killian (1939) for a compre¬ 
hensive bibliography on technique. If it had 
been practicable, high-speed motion pictures 
would have been even more valuable ana it is to 
be hoped that such may be made in the future. 
As it is the stills presented herewith show a host 
of items unsuspected and illuminate a variety of 
others which for long have resided in the limbo 
of half-knowledge. The time of exposure in all 
cases is about 1/10,000 of a second, whioh is 
sufficiently short to “stop” all motion. 


Aquanum 

[-VIII). 

Acknowledgment is made of the splendid co¬ 
operation of the Catalina Island Company which 
furnished the motor boat Blanche W. This ship 
is equipped with a 110 volt D. C. generator and 
search light for observing the flying fishes at 
night. A small converter was used to produce 
alternating current to operate the electrical flash 
equipment. Two flash lamps were used in 
parallel. One of those was an experimental lamp 
about four feet in length (in two sections) in a 
cylindrical reflector. The other was a spiral lamp 
in a spherical reflector that was loaned for the 
occasion by the Los Angeles Herald-Express. 1 
The straight tube was mounted on a pipe-work 
frame as far out over the water as possible, while 
the other was hand-held and directed at the fish 
that was photographed. A miniature Speed 
Graphic camera was used. A photograph is 
shown of the entire arrangement on the foredeck 
of the Blanche W in Plate I, Fig, 1. 

Analysis of Plates. 

The details which these photographs show are 
analyzed in the following section while the re¬ 
sulting interpretations are given under the 
heading “ Discussion, ” both the remarks and 
interpretations being those of Breder. 

Plate II, Fig. 2. The fish in full flight. Since 
the right pectoral is evidently arched upward 
near its center of pressure it would appear that 
the fish is rolling to that side with the left 
pectoral high. At the same time the tail is being 
swung to the right as is evidenced by the weaker 
central rays bending to the left. This would then 
represent normal resistance to extrinsic turning 
with banking to the right. Since the effects are 

1 This second lamp is the same as the Eastman Koda- 
tron Speedlamp. 
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both slight, as is evident, it should represent an 
incipient turn of large radius which is being 
corrected. It may be noted that the right pelvic 
also appears to be pressed upwards with the 
left normal. The dorsal fin so far as can be seen 
in this picture seems unaffected. This shows 
well the extent of expansion of the wing surfaces 
under actual flight. Dead and preserved material 
give the impression of much less wing area due to 
shrinkage of the delicate membrane between the 
supporting ribs. 

Plate 111, Fig. 3. Just before emergence the 
paired fins may be seen closely appressed to the 
sides, while the upper caudal lobe already raises 
a wake, throwing spray high in the air before the 
head of the fish breaks the surface. 

Plate III, Fig. 4. Similar to Fig. 3 but with 
even greater spray tlirowing and the fish de¬ 
scribing a curve. It is doubtful if this attempt 
actually lead to a flight. 

Plate IV, Fig. 5. Two fish just at emergence. 
The pectorals are lifted but the pelvics seem to 
be only about half extended. At the extreme 
left are to be seen the first few flicks of spray 
raised by the upper caudal lobe. The emergence 
of the snout and body is represented by the 
heavy mass of spray. Note the extent of travel 
by the fish before the earliest spray has fallen. 

Plate IV, Fig. 6. Full lateral view of a fish 
just before taking off. Both pectorals show a 
large amount of arching due to the pressure on 
them just before flying speed is obtained. The 
pelvics are only partly, if at all, unfolded. When 
this occurs the tail lifts and the greater amount 
of supporting surface relieves the load on the 
pectorals. 

Plate V, Fig. 7. A diagonal view of a fish 
about to take off. The one visible pelvic appears 
to be about one-half expanded. Note the zigzag 
track which marks the “taxi” period and gives 
some idea of the value of each tail thrust in 
terms of the fish’s length. 

Plate VI, Fig. 8. A fish coming head on while 
in the “taxi” period. Apparently the pelvics 
are still being held close to the body for, if other¬ 
wise, in this photograph they should be con¬ 
spicuous. As usual during this time the fish 
appears to be rolling badly, at the moment 
bearing down on the right pectoral and lifting 
the left. As some measure of the vigor of this 
rolling movement the flexible posterior margin of 
this & is clearly bending down as the fin presses 
upward. It is this rolling that has given rise to 
the oft-repeated claim of wing flapping flight in 
these fishes. 

Plate VII, Fig. 9. A fish just having cleared 
the water and steadying off to a smooth glide. 
The pelvics are still at a sharp angle pressing the 
tail upward. A moment later they would be ap¬ 
proximately parallel to the pectorals. 

Plate VII, Fig. 10. A second view of essentially 
the same position as that of Fig. 2 but not as 
marked a turning. The left pectoral of this fish 
has been damaged on its posterior border. 
Another specimen in the background is just 


leaving the water with the long lower caudal lobe 
still immersed. 

Plate VIII, Fig. 11. A fish not quite main¬ 
taining flying speed. The body is somewhat 
arched in a vertical plane anticipatory to the 
tail’s touching the surface of the water, when the 
“ taxi ” stage will be resumed and flight continued 
without complete submergence. 

Discussion. 

The photographic evidence here recorded is in 
good agreement with recent descriptive inter¬ 
pretation, e. g. Bredor (1930), Hubbs (1933,1935 
and 1937), Carter <fe Mander (1935), Forbes 
(1936), and Loeb (1936). Reference to these 
papers shows that nearly all of the descriptive 
details given by them are evident from these 
photographs. In addition there are a number of 
items that could not be made out by field ob¬ 
servation or interpretations based on anatomical 
study. 

For example, in Figs. 6, 7 and 8 it may be seen 
that the moutn is held open. In all the others 
this feature cannot be distinguished because of 
position or some other reason. If this can be 
taken to mean that flying fishes usually or 
normally hold their mouths open during flight it 
is to say the least surprising. Even that they 
ever do was not expected. Two reasons for 
holding the mouth closed would be to preserve 
intact the streamline form of the head and to 
prevent the desiccating effect of a current of air 
passing over the delicate gill membranes. How¬ 
ever this may be it is clear that these fishes do 
not always preserve form and conserve moisture 
by this simple expedient. 

The two pictures of Plate III showing the 
fishes completely submerged and swimming 
nearly parallel with and very close to the surface 
indicate another unexpected feature; that of 
throwing spray with their tails before breaking 
the surface. All this happens so quickly that 
under mere ocular observation it is normally lost 
in the general flurry of the fish’s plunging out 
into the air. Checking back, however, the 
proportions of these fish are such that the upper 
caudal lol>e would project through the surface 
if they were swimming close to and parallel to it. 
Actual measurements show that the tail tip of a 
Cypselurus ccUiformcus 12 inches in standard 
length is a little over % inch above the level of 
the flat back while the dorsal fin when erect is 
not quite 3^ inch above the back. In other words 
a fish 12 inches long would be just breaking the 
surface film with its tail tip when swimming 
with % inch of water over its back. This would 
seem to indicate that these fishes travel in this 
fashion just prior to emerging for some little 
distance, for otherwise it would be very unlikely 
that the photographer could get such photo¬ 
graphs at all. Their sometimes apparent rela¬ 
tively steep angle of emergence is then probably 
generally due to the rapid tip up of the snout as 
the unfolding wings encounter air resistance. 
An angle of emergence of more than about 4° 
would prevent the tail and dorsal from breaking 



313 


1941 ) Edgerton & Breder: High Speed Photographs of Flying Fishes in Flight 


the surface before the snout came out. Inci¬ 
dentally these photographs show very good 
agreement with tne sketches of Hubbs (1933). 

In considering the various flexures of the fin 
rays that are shown in these photographs it must 
be borne in mind that these are Jong, thin, more 
or less flexible rods that are attached only at 
their bases and there operated by relatively 
small muscle bundles. Since the fish can only 
wave these rods about in various ways, mostly 
backward and forward and to a lesser degree up 
and down and since they have no voluntary 
control over the curvature of them it follows that 
the contortions shown are the result of wind 
pressure. This being the case the interpretation 
of the meaning of the curves seen becomes rela¬ 
tively simple. Even, as in these cases, where we 
have no direct knowledge of what the fish was 
doing before or after the instant of exposure, 
these curves, as indicated under “Analysis of 
Plates, ” give clues as to what the fish was 
undertaking. 

In Fig. 11, for example, it is clear that the 
fish is descending and is all set for a renewal of 
the “taxi” period. Note that the wings are 
relatively straight and show a large lateral 
dihedral, for stability, while in Fig. 6, where the 
fish is driving ahead under the impulse of power¬ 
ful tail thrusts, the wings held at a lower angle 
(see the basal part) are actually blown back and 
up and cupped by wind pressure. In other words 
they are loaded relatively more heavily than, as 
in Fig. 11, where the fish is merely falling freely. 

Many other points already fairly well under¬ 
stood are reinforced by the details in these 
photographs. The next logical step looking 
toward a further clarification of exocoetid flight 
would be the application of high-speed cinema¬ 
tography whereby actual series of steps in this 
performance could be studied. Carter <x Mander 
(1935) used motion picture technique to check 
the speed of flight but presumably they obtained 
a very small image not of value in studying 
details of manipulation of the fishes’ structures. 

Recently Woodcock (1940a and 1940b) has 
discussed the instability of air over the ocean 
showing that bands of updraughts occur, by an 
ingenious noting of the differential behavior of 
soaring gulls. These bands are responsible for 
the lines of Sargassum commonly found in the 
Atlantic according to the studies of Langmuir 
(1938). Since exocoetids may fly in a straight 
line or in various curving flights it may well be 
that these too are taking advantage of such 
atmospheric characteristics instead of merely 


being blown off their course as has been generally 
assumed. Carter & Mander (1935) indicated 
that they found their fish flying greater distances 
over rough water than over smooth and inferred 
that advantage was taken of the greater air 
turbulence in the former condition. Hubbs 
(1933 and 1936) could not find a difference in 
duration of flight to be correlated with travel 
over smooth or rough water. In any case the 
situation calls for a study of the flight of these 
fish in the light of the work of Woodcock on gulls 
and in reference to the general recent advances 
of micrometerology. 
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EXPLANATION OF THE PLATES. 

Photographs by Dr. H. E. Edgerton. Taken at night by means of a Kodatron type of electrical flash 
lamp. Photographs all unretouched. All specimens are Cypselurus caltfomicus (Cooper). 

Plate I. Plate V. 


Fig. 1. The photographic equipment and its ar¬ 
rangement as used for taking pictures of 
flying fish in flight. 

Plate II. 

Fig. 2. A fish in full flight. The object in the upper 
left corner is part of the special illuminating 
device. 

Plate III. 

Fig. 3. Just before emergence, showing that the 
water is splashed before the fish breaks the 
surface. 

Fig. 4. A more advanced stage in the water 
splashing period. 

Plate IV. 

Fig. 5. Two fish just about to leave the water near 
the end of the “taxi” stage. 

Fig. 6. Full lateral view of a fish in the “taxi” 
stage. 


Fig. 7. A diagonal view of an advanced “taxi.” 
Note the trail left by the oscillating tail. 

Plate VI. 

Fig. 8. Head on view of a fish in an advanced 
“taxi.” Note the evidences of roll in the 
differentially warped wings. 

Plate VII. 

Fig. 9. Just as the tail raises after the “taxi” 
stage. 

Fig. 10. One fish in full flight in the foreground. 
Note the torn left wing. Another m the 
background with only the long lower 
caudal lobe immersed. 

Plate VIII. 

Fig. 11. Losing flying speed and about to dip the 
tail in the water for a resumed “taxi. A 
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INDEX* 

Names in bold f*06 indicate new genera , species or varieties; numbers in bold fact indicate illustra¬ 
tions; numbers in parentheses indicate the paper containing the Plate numbers immediately following. 


A 

Acanthlas vulgaris, 121 
Acanthieolepis longicirrata, 26, 27 
Achirus Uneatus, 243, (26) Plate I 
ABgtthus burmelsteri, 283 
punctatisaimus, 282 
separandua, 283 
Aetobatus callfomicus, 271, 271 
peruvianas, 271, 271 
Al&udidae, 241 
AUaseostoma parvum, 74 
Alopecias barrae. 97 
longlmana, 97 
Aloplas vulplnus, 97 
Ammotrypane bermudiensis, 23, 29 
Amphlstoma lunatum, 66, 86 
Anas epecutlri, 66 
melanotus, 66 
moschata, 80 
platyrhynchos, 65 
Anchoviella, 96 

Anoptichthys, 289 (28) Plate I 
Jordan!, 123, (16) Plates I-XV 
Aphrodita, 21 

Aprionodon fronto, 106, 106 

Arabella pacifioa, 19, 23 

Argyrelosus vomer, 31, 37, 87, 38, opp 46 

Astyan&x mexicanus, 123 

Autolytus bidens, 27, 28 

B 

BasUiscus galeritus. 160 
Betta splendens, 65 
Blennlus montagul, 235 
sphynx, 235 
Bos t&urus. 65, 79 
Brachloptilon hamiltoni, 276 
Brachycoelium, 83 

Brachysphoenus ardent, 284, (27) Plate Z 
dupticatus, 285 
monlliferus, 284 

Branchlostoma californlense, 89, 89 
carlbaeum, 90 
elongatum, 90 
floridae, 90 
virglniae, 90 
Buaycon perversum, 230 

C 

Oallorhinchus callorhynchus, 279 
smythli, 279 
trltoris, 279 

Cambarincola macrodonta, 4 
Oambarus blandingU, 1 
b. acutus, 1, 3 
b, euevaehleae, l. 3 
Oarangldae, 81, opp. 46 
Oaranx bartholomaei, 42, opp 46 
eaninus, 107, 221 
crysos, 43, opp. 46 
guara, 31 

latus. 43, 44, opp. 46 
ruber, 42, 48, opp 46 
Oarcharhinut lamiella, ill 


Carcliarias aethiops, 104 
fronto, 106, 110 
gracilis, 104 
platyrhynchus. 111 
pugae, 104 

Carcharinus natator, 108 
Carcharodon carchariag, 98 
Caretta caretta, 13 
Centroscyllium nigrum, 120, 120 
ruscosum, 121 

Cephaloscyllium uter, 99, 99 
Cephalurus cephalus, 100, 100 
Cercaria poconenads, 65 
Cervus dlchotomus, 65 
Cestradon pantherinum, 119 
Cetorhlnus maximum 98, 98 
Chaetodon humeraiis, 221 
Chelonia mydas, 13, (5) Plates I- IV 
Chlamydoselachus angulneus, 96 
Ohloeia euglochls, 18 

Chloroscombni8 chrysurus, 32, 39. 40-42, opp 46 

Clinus argentatus, 234 

Clonorchls sinensis, 14 

Corydoras rabanti, 5 

Cotylophoron cotylophorum, 65 

Crossoptilon, 143 

Ctenosaura slmllis, 160 

Cypselurus califomicus, 311, (30) Plates I-Vill 
D 

Dasyatis brevis, 260, 261, (26) Plate HI 
hastatus, 49, 50, 51, 52, 63 
longus, 261, 262 

padflcus, 262. 262, (26) Plate II 
sabinus, 49, 50, 51, 52, 53 
schmardae. 263 
D&8ychonopsis cons perga, 29 
Decapterus macarellus, 31, 32, 32, opp. 46 
punctatus, 31. 33, 33, 34, opp 46 
Delacoorigallus, 143 
Dl&rdigallus. 143 
Dicroeoelium dentritlcum, 14 
Diodon holacanthus, 113 
hystrlx, 111 
Diopatra ornata, 22 
Dlplodiscus subdavatus, 74 
temperatus, 70 

Dlscopyge ommata, 249, 249, (26) Plate I 
tschudi, 250. 260 
Distomum constrlctum, 13 

E 

Entocythere cambaria, 4 
Epimachus meyeri meyerl, 47, (9) Plate I 
Erotylidae, 281, (27) Plate I 
Erotylus variegatus, 283 
Eulalia mafsapupola, 19, 21 
megalops. 26 

Eulamia aetbalorus, 106, 107, (16) Plate II 
asureus. 106, 109, 109 
cerdale, 109, 109 
commersonii, 111 
galapagonsls, 111, 112. 112 
lamiella. 110, 110 
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limb&tus, 108 
mi] berth 106, 110 
platyrhynchua, ill. 111 
velox, 108,108, (16) Plate n 
Eupholoe nuda, 19, 20 
Eupolymnia magnified. 29 
Eupomotis gibbosus, 55 
Eurythoe complanata, 18 
dubia, 18 
oeolata, 18,19 
Exocoetidae, 811 

P 

Farranula gibbula, 213. 224 
rostrata, 219, 224 
Fasciola hepatlca, 14, 69 
Fundulus heteroditus, 237, (23) Plates I-III 

a 

Galeocerdo arcticus, 113, 113 
Galeorhinus chilensie. 114 
galeus, 114 
molinae, 114 
sp., 114 
zyopterus, 114 
Garrulax cbtncmda, 241 
c. lochmlus, 241 
Gastrodlocus aegyptiacus, 74 
Gelaaimus vocatur, 178 
Gennacus edwardsl, 143 
imperialls, 143 

Ginglymostoma cirratuni, 9, 9-12, 96, 96, (4) Plates I, 

n 

Grapsua grapsus. 151 
Gymnosarda alletterata. 113 
Gymnura marmorata, 263, 263 

H 

Haemonchus coutortus, 80 

Haltoctus leucocephalUH leucocephalus, 7, (3) Plates I- 
IV 

Halosydna brevisetosa, 20 
Hapalotrema constrictum, 13 
mistroides, 13 
Haplosyllis gula, 29 
Harriotts curtiss-jamesi, 278. 278 
Hell soma antrosum, 65 
trivolvi8, 65 

Hemipodus mexJcanus, 23 
Heptranchlas, 96 
Hermodice carunculata, 17, 25 
Heronimus chelydrae, 69 
Heterodontus francisd, 117, 117 
galeatus, 120 
peruanus, 110 
quoyi, 113, 117, 118, 120 
Heterostichus rostratus. 235 
Hexanchus gdseus, 96 
Hieropliasts swinhoil, 143 
Hlmantopus wi Iso nil, 65 
Histiopliorus immaculatus, 209 
pulchellus, 209 
Hoapifer, 143 
Hyalinoeda Juvenalis, 22 
Hypoprion breviplnnis, 106 
HypselonotUB gibbosus, 283 
sp. A; sp. B; sp. O. 283, (27) Plate I 

I 

Iguana Iguana, 118 
llyoplax, 306 

Isistius brasiliensis. 121, 121 
Istiophorus, 209, 210 

americanus, 209, 219, 219, 222, 226, (20) Plate V 


[XXVI 

greyi, 209, 210, 213, 214,216,217,219, 221, 221, 222 
(20) Plates X-XV 
I gurus glaucus, 98 
nasus, 98 

L 

Lanrna hudobroii, 98 
philippi, 98 

Learedlus learedius, 13 
Lebistes reticulatus, 55. 243, (25) Plate X 
Leo dice culebra, 28 
longlsetis, 22 
mutilata, 28 
paloloides, 22 
stigmatura, 28 

Lepidasthenia elegans, 19, 19 
picta, 18 

Lepidocephalus gun tea, 58 
Lepidonotus pilosus, 26 
Lepomis auritis, 55 
Lobiophasis, 143 
Lopadorhynchus unclnatus, 27 
Lophura, 143 
Lybas calidus, 285 
dorsalis, 285 

guianacus, 285. (27) Plate I 
triangularis, 285, (27) Plate X 

M 

Manta birostris, 270 

hamiltoni, 274, 274, (26) Plate IV 
pinclioti. 276 
Megalodiscus, 83 
Meglschyrus catenatus, 287 
Mictyris, 300 
Mirafra assamica. 241 
a. subsessor, 241 

Mobula lucasana, 273, 273, (26) Plate IV 
Moniezia, 78 

Monodrrhus poly acanthus, 235 
Morone labrax, 65 
Mus norveglcus, 65 
Mustelus califomicus, 102, 102 
dorsalis, 103. 103 
iunulatus, 103. 103 
Mycotretus coccineus. 286 
dorsonotatus. 286 
durius. 287 
maculatus. 287 
pygmaeus. 286 
sangulnosus. 286 
Mycteroperca Jordan!, 113 
Mystides gracilis, 26, 27 
Myxine drdfrons, 90, 90 

H 

Nardne brasiliensis, 248 
entemedor, 247, 247 
ommata, 248 

vermiculatus, 248, 248, (26) Plate X 
Nereis agasotzi, 27, 28 
bairdii, 28 
dumerilii, 28 
koblensis, 28 
mirabllls, 28 
Notomastus sp., 23 
Notopygos orn&ta, 18 

O 

Ocypode aegyptica, 300 

albicans. 298, 309, (29) Plate XX 

ceratophthalma, 300, 303 f 

cordimana, 306 

gaudichaudll, 176, 297, 299, 299, 800, 802, 804, 308, 
309, (29) Plates I, XX 

occidental!*, 297, 299, 801, 308, 304, 306, 308, 309, 
(29) Plate XI 
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Ogcocephalus sp., 113 
Omoiotelus, 381 
pallidua, 282 
Opisthorchls felineus, 14 
Opsanus beta, 220, (21) Plates I, II 
pardiis, 231 

tau, 220 ' 

Otario jubata. 113 
Otils scops, 133 
s. botelensU, 137 
s. coecus, 140 
s. cycladum, 135 
s. cyprlus, 130 
s. distans, 138, 138, 189 
s. elegans, 137 
s. feae, 140 

s. flammeolus, 141, 141 
8. graueri, 140 
8. hendersoni, 138, 141, 141 
s. IntermediUR. 141 
s. interpositus, 137 
8. japonicus, 137, 137 
s. l&tipennis. 141 
8, leggei, 139 
8. malayanue, 137, 138 
s. modestus, 138 
s. pamelae, 140 
8. pulchellus, 135 
s. pusillus, 141 
s. pygmeus, 140 
s. rams, 142 
8. ruflpennis, 139 
s. scops, 133, 135, 136 
s. senega! ensis, 140 
s. socotranus, 140 
s. stictonotus, 130. 136 
8. sunia, 138, 139, 139 
8. turanicus, 135 
s. Uganda, 140 
O vail pee punctatus, 108 
Ovis arios, 05 

P 

Pachygrapsus, 205 
transversus, 151 
Pandarus satyra, 113 

ParacUnus marmoratus, 229. 233, 234, (22) Plates I-HI 
Paramphlstomum cervl, 70 
Pectinarla gouldil, 23, 29 
Penella filosa, 221 

Phricobacis beebei, 286, (27) Plate I 
Phyllodoce groenJandica, 21 
oculata , 21 
Plagitura, 83 

Polyodontes californicus, 19, 20 
Pomatorhlnus erythrogenys, 241 
e. oelatas, 241 
Pontinus strigatus, 111 
Pontobdella muricata, 96, 109 
Postharmostomum laruei, 83 
Prepopharus notatus, 283 
obscorior, 283, (27) Plate I 
undatus, 283 
Prlonace glauca, 104, 104 
Pristiurus xaniurus, 99, 100 
Prltis t pectinatus, 253 
perotteti, 253 
zephyreua, 253, 253 
Psammobatis brevicaudatus, 259, 259 
lima, 259, 259 
acoblna, 258. 268 

splnosissimus, 259, 260, (26) Plate II 
Pselaphacus giganteus, 287 
signatus, 287 

Pteromylaeus ftsperrimus, 272, 272 
Pufflnus auriciflaris, 113 


B 

Raja aguja, 254, 254 
b&dla, 254, 255 
chileiuds. 256 
ecuadoriensJs, 255, 255 
equatorialis, 256 
inomata, 256, 256 
sp. A, 257, 257 
sp. B, 257. 258 
steindachnerl, 255 
stellulata, 258 

Rhineodon typus, 97, 97, (15) Plate I 
Rbinobatus glaucostigma, 261, 251 
leucorhynchus, 252, 252 
planiceps, 251, 251 
productus, 251, 251 
Rhinoptera steindachnerl, 273, 273 
Rhytidodoides intestinal Js, 14 
similiB, 14, 15, (5) Plates I-IV 
Rivulus, 243 

Rodnela aries, 107, 110, 113 
Rupiscartes atlanticus, 96 

S 

Sabella melanostigma, 23 
Sardinia caerulea, 107 
Scaphidomorphus quinquepunctatus, 283 
Scoliodon longurio, 112, 112 
Scopimera, 306 
Sphyma corona, 115, 116 
media. 116, 116 
tiburo, 116 
tudes, 115, 115, 116 
vespertina, 116, 116 
Spirobranclius tricornis, 29 
Squalus femandinus, 121 
lebruni, 121 
sp., 121 
Buckleyi. 121 
Squatina armata, 122 
californlca, 121, 121 
californicus, 122 
philipp], 122 
squatina, 122 

Stoasodon narinari, 272, 272 
Stunkardla dilymphosa, 85 
Stylarioides sp., 23 

T 

Tarpon atlanticus, 55 
Telako epipolasis, 29 
Terebella gorgonae, 23 
Terebellides stroemi, 23 
Timaliidae, 241 
Tomopteris longisetls, 28 
opaca, 22 

Trachinotus goodel, 35, 36, opp. 46 
palometa, 34, 35, opp. 46 
Trachurops crumenophthalma, 38, 39, opp 46 
Travisiopsis atlantica, 22. 28 
Triaenodon obesus, 101, 101, (15) Plate II 
smithii, 102 
Triakis maculata, 101 
semifasdatum, 100, 101 
Trimeresurus atrox. 62 
barbouri, 61 
bicolor, 61 
dunnl, 62 
godmani. 61 
lansbergii, 61 
lateralis, 61 
melanurus, 63 
nasutus, 62 
nlgrovlridis aurifer, 62 
nummifer nummifer, 62 
ophryomegas, 62 
schlegelii, 61 
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pom 


uxkdulfttus, 63 
yucatanicus, 62 

IT 

Uc&, 146, 166, 297, 806 
annuli pes. 152 

argillloola, 149, 164, iB3. no) Plates I, n 
batuenta, 149, 164, 187, 188, (19) Plate VI 
beebei, 149, 164, 192, (19) Plates IV-VX 
brevifrons, 149, 164, 177, (19) Plate VIZ 
var delicate, 178 
coloradenels, 166 
crenulata. 149, 164, 198 
delcbmanni, 149, 164, 199, (19) Plates IV-VI 
ecu&dorlensis. 166 
festae, 166 

galapagensU. 145, 149, 164, 176 

guay&qullensis. 167 

heUeri, 145, 149, 164, 198 

heteropleura, 149, 164, 171 

Jnaequalis, 149. 164, 185, (19) Plates n, m 

Insignia, 149, 178 

latlmanus, 149,162,163,164, 201, (19) Plates VI- 

vra 

leptodactyla. 150 

limicola, 149, 164, 198. (19) Plates IV-VI 

macrodactyla, 149, 164, 178 

minax, 157 

monilifera, 105 

mordax, 149, 162-164, 176 

musica, 166. (19) Plate VI 

oeratedi, 149. 162-164, 184 

panamensis, 149, 164, 204 

princeps, 149. 162, 163, 170 

pugllator, 150 

pygmaea, 149, 164, 174, (19) Plates I, Q 


rectilatua, 167 

saltitanta, 149, 164, 189, (19) Plates fit, HI, VI 

rignata, 162 

stenodactyla, 149, 164, 195, (19) Plates IV-VI, IX 
stylifera, 149, 171 
tangerl, 152 

tenuipedls, 149, 164, 186. (19) Plates n, HZ 
terpsiohores, 149, 164, 202, (19) Plates IV-VXE 

thayeri, 183 

tomentosa, 149, 164, 179, 180 
umbratila, 149, 159, 164, 181, 182, (19) Plate VII 
sacae, 149. 164, 175, (19) Plates I, II 
Urobatls concentricus, 268, 269, (26) Plate XU 
halleri, 113, 269. 269 
maculatus, 270, 270 
Urolophus asteri&s, 205 
mundus. 264 

Urotrygon aspidurus. 264 
asterias, 265, 265 
binghami, 266, 266 
chllensis, 267, 267 
goodei, 267 
mundus, 268, 268 
rogersi. 265 

V 

Vanadis fuscapunctata, 27 
Verongia flstularis, 230, 233 

X 

Xiphias gladius, 223 

Z 

Zapteryx exasporata. 252, 253 
Zonarius xanthomelas, 284 
Zygocotyle ceratosa, 65 
lunata, 65, (13) Plates I-IV 
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1 . 

Social and Respiratory Behavior of Large Tarpon. 

C. M. Breder, Jr. 

Nr iv Yotk Zoological Society 
(Text-figure 1). 


Introduction. 

This report is in the nature of a continu¬ 
ation of the studies of Shlaifer & Breder 
(1940) and was made incidental to other 
work to be reported elsewhere. For these lat¬ 
ter purposes five tarpon were confined in a 
pen built of slats 13'2" X 7'0" X 5'8" deep. 
This was submerged in the artificial channel 
serving as a means of egress from Palmetto 
Key, Florida. The five fish averaged about 
five feet in standard length. The smallest, 
estimated at four feet in length, was a male 
in a ripe condition; the remaining four were 
females that were nearly ripe. They were 
caught and placed in the pen by Marshall B. 
Bishop late in May. The counts on their 
rises for respiratory purposes began on 
June 11 as given in Table I. In this the 
writer was assisted by Mr. Ben Dontzin who 
made readings Nos. 10 to 22. One reading 
was made simultaneously with a similar 
reading in the tarpon pool described in 
Shlaifer & Breder (1940L It is noted in 
Table 1 as PI. Since these authors have al¬ 
ready described the respiratory behavior of 
immature and small tarpon it was thought 
desirable that some comparable measure¬ 
ments be made on the adult, sexually mature 
individuals. 

The methods employed have already been 
set forth by Shlaifer & Breder (1940), and 
Shlaifer (1941) has shown that atmospheric 
respiration is obligatory on this species. 

Results. 

The results obtained are clearly compar¬ 
able with those gotten on the smaller fish. 
There are certain noteworthy differences, 
however, which include chiefly that the 
fishes of these larger sizes do not rise with 
quite the frequency of the smaller speci¬ 


mens. If the number of rises per hour is re¬ 
ferred to the temperature range, Table II, 
and compared with the earlier data on 
smaller fishes, it will be noted that in the 
26‘ -30° range the figures are almost identi¬ 
cal but slightly lower for the larger fish, 
while in the 31°-35° range the larger fish 
are definitely much lower than the smaller. 
This may well have to do with the environ¬ 
ment rather than the size of fish. The large 
fish were held in a pen through which circu¬ 
lated tidal waters, whereas the small fish 
were confined to a stagnant pool in which 
gaseous exchange occurred only through the 
air-water interface as there was no con¬ 
tinuous replacement by flow. A comparison 
of these data are given in Text-figure 1. 

It is evident from observations in both 
Boca Grande and Captiva Passes that tarpon 
tend to rise for air in groups. This social 
aspect of the respiratory need for air was 
discussed at length for the smaller sizes by 
Shlaifer & Breder (1940). Similar data for 
large fish in a pen, handled in identical fash¬ 
ion, is given in Table III. It will be noted 
that here there is relatively little social in¬ 
fluence being shown. It is much less than 
the average shown for small fish in various¬ 
sized bodies of water. These authors found 
that the larger the body of water the less 
the imitation, presumably due to the greater 
chance separation of the fishes. On this basis 
the present large fish should show a marked 
amount of imitation. That they showed less 
suggests the presence of some other factor. 
It is to be noted that the social attitude of 
the small fish in the pool (PI) is comparable 
to readings taken in it a year earlier and 
not with the large penned fish. These fish 
were approaching the spawning condition 
which well may have an effect on their social 
attitude. Later it was found on examination 
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Text-fig. 1. (comparison of respiratory activity of large and small tarpon showing 
both means and extremes. Data on small fish from Shlaifer & Breder (1940). 


that these fish were actually reabsorbing 
their eggs under the apparent influence of 
captivity. They were, for their size, rela¬ 
tively closely confined, but not any more so 
than the small fish studied in aquaria which 
showed the greatest amount of imitation. 

A more detailed comparison of this influ¬ 
ence in large and small tarpon is impossible 
for the present as the effects of temperature 
and oxygen content at least would have to 
be much better understood before an at¬ 
tempted explanation of the effect on respira¬ 
tion of absolute size of fish or its condi¬ 
tion in regard to spawning time could be 
ascertained. 

As may be noted from Table I, the varia¬ 
tion in respiratory activity was marked by 
abrupt changes in rises per hour that could 


not be associated with temperature, time of 
day or any other ascertainable influence. 

As a further continuation of the work of 
Shlaifer & Breder (1940) observations were 
made on a single tarpon of 35.6 cm. in stand¬ 
ard length in the laboratory pool. These 
data were taken by Mr. Ben Dontzin. Con¬ 
densed, they appear as follows: 

Rises 


Date 

Time 

°C 

per houi 

12/26/41 

5:00 p.m. 

— 

2 

12/27/41 

11:15 a.m. 

26.5 

2 

12/27/41 

5:15 p.m. 

23.5 

4 

12/28/41 

10:45 a.m. 

27.0 

1 

12/29/41 

11:10 a.m. 

29.0 

6 

12/30/41 

1:15 p.m. 

26.0 

5 


Each period of observation continued for 
an hour beginning with the time indicated. 
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The data is presented as in Table VII of 
Shlaifer & Breder (1940). It agrees well 
with their work and in reference to their 
temperature comparisons stands as follows: 

Temperature in 5° intervals centigrade. 


Rises per fish hour 

21-25 

26-30 

Present data 

Mean 

4 

3.5 

Maximum 

— 

6 

Minimum 

— 

1 

Shlaifer & Breder 
(1940) 

Mean 

4.8 

5.7 

Maximum 

10.4 

9.6 

Minimum 

1.6 

3.3 


It thus develops that this single fish rose 
to breathe with slightly less frequency than 
did those in the larger groups (3 to 5) previ¬ 


ously studied. This is in keeping with ex¬ 
pectation on a social basis. Although this 
data is scant it can, in reference to the 
earlier work, be considered as confirmatory. 
The pool contained a large number of small 
Mugil which were not present during the 
earlier work, but which apparently have lit¬ 
tle if any effect on respiratory behavior. 
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1940. Social and Respiratory Behavior of 
Small Tarpon. Zoologica, 25(30) : 
493-512. 
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Aspects of Respiratory Behavior in 
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Table I. 

Respiratory Activity of Adult Tarpon in Confinement. 

(5 mature fish in a live car) 

(One hour observation periods). 

c /c of Minutes 







Rises per 

Greatest Time 

with no Rises 

No. 

Date 

Time 

r 

Rises 

Fish Hour 

Between Rises 

All 

Per Fish 

1 

6/11 

1 :45 

33.8 

18 

3.6 

5:33 

70.0 

14.0 

o 

6/12 

2:00 

33.8 

16 

3.2 

6:03 

73.3 

14.6 

o 
♦ > 

6/13 

6:15 

32.9 

42 

8.4 

4:40 

48.3 

9.6 

1 

6/14 

1 :45 

33.6 

30 

6.0 

4:02 

58.3 

11.6 

5 

6/14 

7:00 

32.2 

29 

5.8 

6:26 

61.6 

12.3 

6 

6/15 

2:30 

33.6 

36 

7.2 

3:23 

48.3 

9.6 

7 

6/17 

1:30 

33.8 

23 

4.6 

6:29 

65.0 

13.0 

8 

6/18 

1:30 

31.1 

18 

3.6 

5:13 

71.6 

14.3 

9 

6/24 

1 :45 

31.7 

20 

4.0 

8:30 

73.3 

14.6 

10 

6/25 

10:00 

31.1 

40 

8.0 

4:02 

53.3 

10.6 

1 I 

6/25 

2:00 

32.9 

12 

2.4 

8:39 

81.6 

16.3 

12 

6/25 

6:30 

31.7 

24 

4.8 

6:50 

68.3 

13.6 

13 

6/26 

10:30 

31.7 

47 

9.4 

4:42 

51.6 

10.3 

1 1 

6/26 

2:00 

33.8 

18 

3.6 

6:44 

70.0 

14.0 

ir> 

6/26 

6:45 

32.2 

18 

3.6 

7:29 

63.3 

12.6 

16 

6'27 

11:30 

31.1 

46 

9.2 

4:37 

50.0 

10.0 

17 

6 '27 

7:00 

30.0 

21 

4.2 

5:47 

68.3 

15.6 

18 

6/29 

10:00 

30.0 

41 

8.2 

5:25 

53.3 

10.6 

19 

6/29 

6:00 

31.1 

20 

4.0 

4:43 

71.6 

14.3 

20 

6/30 

6:30 

30.5 

11 

2.2 

19:35 

81.6 

16.3 

21 

7/2 

9:30 

30.0 

26 

5.2 

7:13 

71.6 

14.3 

22 

7/2 

7:00 

29.4 

12 

2.4 

9:06 

81.6 

16.3 



Mean 

31.9 

1 26 

5.2 

6:36 

65.3 - 

13.1 4- 



Maximum 

33.8 

47 

9.1 

19:35 

73.3 

16.3 



Minimum 

29.4 

11 

2.2 

3:23 

00 

io 

9.6 



Simultaneous 

reading with No. 10 above of four immature fish 






in 

a land-locked pool. 




Pi 

6/25 

10:00 

33.9 

51 

12.75 

3:17 

40.0 

8.0 
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Table II. 

Respiration in Regard to Temperature Compared with that of Small Fish. 


Rises per Fish Temperature in 5° intervals centigrade 


Hour 

16-20 

21-25 

26-30 

31-35 

36-40 




4.2 

3.6 8.4 

_ 




8.2 

4.0 6.0 





5.2 

8.0 5.8 



— 


2.4 

4.8 7.2 



— 

— 

— 

9.4 4.6 


Large fish in pen 


— 

— 

9.2 2.4 

4.0 3.6 



— 


— 

2.2 3.6 

3.6- 

3.2 - 

5.2 

— 

Mean 



5.0 


Maximum 

— 

— 

8.2 

9.4 


Minimum 

— 

— 

2.4 

2.2 

— 

Small fish 






(From Shlaifer 
& Breder, 1940) 






Mean 

0.8 

4.8 

5.7 

14.5 

10.0 

Maximum 

0.8 

10.4 

9.6 

22.3 

10 8 

Minimum 

0.8 

1.6 

3.3 

8.6 

9.0 




Table 

hi. 





Fishes Rising in Groups by 

Percent of Total. 



No. 

1 

2 

3 

4 

5 

Total 

1 

100 

0 

0 

0 

0 

1 s 

2 

100 

0 

0 

0 

0 

16 

3 

100 

0 

0 

0 

0 

12 

4 

93.5 

6.65 

0 

0 

0 

30 

5 

93.1 

6.9 

0 

0 

0 

29 

6 

100 

0 

0 

0 

0 

16 

7 

100 

0 

0 

0 

0 

23 

8 

100 

0 

0 

0 

0 

?* 

9 

100 

0 

0 

0 

0 

20 

10 

95 

5.0 

0 

0 

0 

40 

11 

100 

0 

0 

0 

0 

12 

12 

100 

0 

0 

0 

0 

24 

13 

100 

0 

0 

0 

0 

17 

14 

100 

0 

0 

0 

0 

18 

15 

100 

0 

0 

0 

0 

18 

16 

95.65 

4.35 

0 

0 

0 

46 

17 

100 

0 

0 

0 

0 

21 

18 

100 

0 

0 

0 

0 

41 

19 

100 

0 

0 

0 

0 

21 

20 

100 

0 

0 

0 

0 

11 

21 

100 

0 

0 

0 

0 

26 

22 

100 

0 

0 

0 

0 

12 

Average 

99.0 

1.0 + 

0 

0 

0 

26 

Maximum 

100 

6.9 

0 

0 

0 

47 

Minimum 

93.1 

0 

0 

0 

0 

11 


Simultaneous reading with No. 10 above of 4 immature fish in a landlocked pool. 

PI 80.5 7.85 11.65 0 — 51 
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Tetanus in an Elephant (Elephas maximus ). 

Leonard J. Goss 

Veterinarian , New York Zoological Park. 


An Indian elephant was received at the 
New York Zoological Park on October 8, 
1940, at the approximate age of eight years. 
It weighed 2,100 pounds. On May 2, 1941, 
the elephant's keeper noticed that the animal 
was unable to open its mouth. Two and one- 
half hours later, examination revealed the 
following: jaws tightly closed; temperature, 
98.0 ; hypersensitiveness to sound; pro¬ 
lapsing of the nictitating membranes; and 
erection of the tail (poker tail) when the 
animal was touched or excited. A diagnosis 
of tetanus was made. There were numerous 
small cracks on the feet around the toenails 
and healing superficial wounds in the skin 
at the base of the ears. None of these 
wounds was sensitive to palpation or was 
the tvpe of wound usually associated with 
tetanus infection. 

After examination, 100,000 units of tet¬ 
anus antitoxin were given subcutaneously: 
50,000 on each side of the neck. 

The next day, the animal seemed less sen¬ 
sitive to noise and palpation and was able 
to open its mouth just enough to admit a 
one-inch stomach tube. It drank water when 
the tube was placed in the mouth and water 
allowed to run slowly. The animal attempted 
to eat but the mouth could not be opened 
sufficiently to admit food. It was felt that 
improvement was sufficient and no antitoxin 
was given on this day. Considerable edema 
was present in the neck region where the 
antitoxin had been administered. 

The morning of the third day, May 4, 
the animal was found broadside, in tetanic 
spasms. Two ounces of chloral hydrate as 
a 7, r r solution were given per rectum after 
manual removal of the fecal material. The 
spasms were relieved in twenty minutes and 
deep sleep occurred which persisted for two 
hours. During this time, 120,000 units of 
antitoxin were given and the patient again 
was examined for wounds which might 
account for the infection. This examination 
was not revealing. As the sleep wore off mild 


spasms recurred and an additional 4 ounces 
of chloral hydrate were given per rectum. 
During the night the chloral hydrate anes¬ 
thesia wore off but no spasms followed. 

On May 5, the animal was unable to rise. 
Slings and a hoist were used to raise the 
patient to its feet; the mouth could be 
opened about one-third its normal opening. 
Sixty thousand units of antitoxin were given 
subcutaneously in the region of the flank 
and three loaves of bread made into small 
balls were placed in the mouth. These were 
swallowed with difficulty, followed by water 
from the hose held in the mouth. Stiffness 
of the legs was quite apparent, but the ani¬ 
mal was capable of moving about slowly and 
was permitted outdoors all day. Constant 
unsuccessful attempts were made to eat 
grass and hay. In the afternoon a bran mash 
consisting of six quarts of bran in a bucket 
of water was given through a stomach tube 
held in the mouth. This was followed by 
three loaves of bread given in small balls. 

On May 6, the condition of the animal was 
unchanged. She was kept quiet and fed in 
the manner previously described plus three 
dozen bananas and two pounds of sugar. 
This food was given daily and the condition 
remained the same until May 9 when the 
stiffness of the legs became more pronounced 
and marked edema developed in the forelegs 
from the feet to the shoulders. Eighty thou¬ 
sand units of antitoxin were given. The 
quantity of bran was doubled to twelve 
quarts per day in addition to three dozen 
bananas, two pounds of sugar and three 
loaves of bread. 

From May 9 to May 25, hand feeding was 
continued as usual and no change in condi¬ 
tion occurred. By May 25 the animal had lost 
considerable weight and was down and un¬ 
able to rise. She was assisted to her feet by 
the use of a hoist and was kept in slings and 
fed through a hose until June 4 when she 
began to eat hay and had complete use of 
her jaws. 
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Throughout the illness urine and fecal 
material were passed but in diminished 
quantities. 

Several points of interest are apparent in 
this case: 

1. No external wound could be found 
which might account for the infection. 

2. Chloral hydrate is an effective anes¬ 
thetic for elephants when given in 


doses smaller than those required for 
horses of a similar weight. 

3. 360,000 units of tetanus antitoxin were 
used in treating the patient. 

4. It must be assumed that the infection 
was of alimentary origin, which is not 
improbable because of the habit of 
elephants of eating large quantities of 
dirt and refuse from the ground. 
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Descriptive Ecology of La Cueva Chica, with Especial Reference 
to the Blind Fish, Anoptichthys. 

C. M. Breder, Jr. 

Sew Yotk Zoological Society. 

(Platt** I-III; Text-figure 1). 


Introduction. 

A blind ca\e-dwelling eharacin was de¬ 
scribed from the state of Sail Luis Potosi, 
Mexico, by Hubbs & Innes (1936) under the 
name Anoptichthys jonlani. The original 
material had been collected by Senor Salva¬ 
dor Coronado that year, and sent in a living 
condition to Mr. C. B. Jordan of Texas, who 
in turn transmitted the material to Dr. 
Hubbs. Since then the fish has become estab¬ 
lished in small aquaria as a novelty. Nothing 
was recorded concerning the habitat of the 
form other than that mentioned by Hubbs 
& Innes (1936) and Hubbs (1938). 

The New York Aquarium undertook the 
organization of a small expedition to study 
the nature of the environment of this cave. 
This trip, in March, 1940, described by 
Bridges (1940), occupied fifteen days actu¬ 
ally spent in the cave. The present report 
contains the observational data obtained and 
as much ecological data as the field work 
yielded. A fuller discussion of the biological 
implications must wait on further labora¬ 
tory work, which was in progress at the 
New York Aquarium, and has lately been 
transferred to the Department of Animal 
Behavior at the American Museum of 
Natural History. 

It had been the original plan to have this 
translated into Spanish, edited by Senor 
Coronado and published in Mexico as a 
joint contribution. Due to inability to main¬ 
tain satisfactory contact with Coronado, 
and rather than have the finished manu¬ 
script lie for an indeterminate period, it 
was decided to delay publication no longer. 

The author takes this opportunity to 
thank Senor Coronado for his able assist¬ 
ance in the field. His energy, indefatigable 
efforts and general help went far toward 
the successful prosecution of our field work 
and we are grateful to Senor Antonio G. 
Garcia, Jeffe del Departmento Technico de 


la Direccion de Pi sea e Industrias Mariti- 
mas, for releasing him from his ordinary 
duties in our behalf. 

This paper was to have preceded the 
following documents: Hobbs (1941), Breder 
& Greaser (1941a, 1941b and 1941c). This 
proved impractical because of the delay 
alluded to above. The present contribution 
records the basic field data of the expedi¬ 
tion, including the climatic, geologic and 
faunistio conditions as encountered in La 
Cueva Chica. 

Geology. 

The accompanying map and vertical .sec¬ 
tion of the cave, Text-figure 1, which has al¬ 
ready appeared in Bridges (1940), gives a 
general idea of the cave. An inset gives the 
geographical location of the cave which is 
readily accessible from the concrete highway 
that runs from Laredo, Texas to Mexico 
City. All rock specimens have been examined 
by Dr. Horace E. Wood II and prove to be 
limestone formations of various types. The 
only exception to this is some litter on the 
floor of the cave which extends back to 
Pool No. 3. Presumably it actually goes 
further but is either covered with water or 
bat guano beyond that point. The litter it¬ 
self consists of a wide variety of materials, 
mud, broken logs and water-worn stones 
and pebbles, some of which are conglom¬ 
erates of reddish jade-like materials. These 
objects are carried in by means of rainy 
season torrents. 

The entire region is honeycombed with 
sink-holes and caves of various sizes pri¬ 
marily formed by the solvent and eroding 
action of water. This water, heavily charged 
with calcium, has re-deposited materials to 
form stalactites, stalagmites and flow-stones, 
making typical cave structures. Apparently 
in La Cueva Chica both activities are going 
on simultaneously or alternately in different 
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places. The consequence is that there are 
many badly eroded structures, while a little 
distance from them are new ones in the 
early formative state. Broken chunks of 
rock clearly fall from the ceiling more or 
less regularly. Various types of stalactites, 
flow-stone and cup formations are all in 
evidence in the various photographs. There 
was also, in the higher places, a consider¬ 
able amount of crystalline calcite, rhombic 
crystals, mostly blackish in color, and more 
or less amorphous masses with partly 
formed irregular crystals varying from 
yellow to tan. 

Pool No. 1, well protected by rock walls 
and under a relatively low ceiling, was found 
to be covered with a fine dust, Plate I, 
Fig. 1. This was of a calcareous nature, 
checked by Dr. R. T. Cox spectographically, 
perhaps crystalized on the walls as the water 
receded and then powdered off on the sur¬ 
face of the water. It was not found in the 
damper portions further from the cave 
mouth. 

The region is one of hot springs as well 
as normal and cooler surface water. One 
such hot spring, El Bahito, is only three 
miles from the cave under consideration. 
These springs are heavily charged with 
sulphur and evidence of the complete lack 
of connection with such places by La Cueva 
Chica is the absence of sulphurous odors 
and the abundant life it contains. All other 
places examined showed no evidence of 
blind fishes, nor did the local people know 
of any other than in La Cueva Chica. Near 
the river just east of Pujal a deep hole has 
a number of lateral fissures. In places where 
light enters, normal Platypoecilvx and 
Aslyana.v may be found but the cave waters 
proper were barren. This so-called “well” is 
believed to intercommunicate with La Cueva 
Chica. Various springs in the immediate 
\icimty show similar conditions, as does 
El Nilo, a cave from the mouth of which 
water flows, reversing sequences at La 
Cueva Chica. 

Because of certain geological features 
of the general region and the interest in 
the possible effects on evolution of radio¬ 
active materials, tests were conducted on 
the presence of such emanations. Dr. M. D. 
Whittaker of the Department of Physics of 
New York University kindly undertook to 
make such tests on a series of water samples 
from each pool including evaporated con¬ 
centrates. His findings were completely 
negative. Since, if radioactive material were 
present, they would surely appear in the 
ground waters, it is considered established 
that evolutionary activity in this cave pro¬ 
ceeds without any such acceleration. 

For a general discussion of the geology of 
the region, see Schuchert (1935) and Muir 
(1936). The accompanying photographs 


show clearly the general nature of the 
formations. Still other photographs of the 
cave are given in Bridges (1940) and 
Dunton (1940). 

Water. 

The chemical nature of the water of La 
Cueva Chica is shown in Table I. The 
analyses have been made by the Laboratory 
of the New York City Department of Water 
Supply through the courtesy of Mr. Herman 
Forster. These analyses show that the cave 
waters are high in nitrogen as compared 
with the river samples. The springs, as 
would be expected, are intermediate. 

The chlorides, while variable, show no 
distinct trend from one type of water to 
another. 

The hardness of the underground waters 
is clearly less than that of the surface 
streams, which in pari at least probably 
accounts for the preference of the local 
people to caves for their water supply. On 
the other hand, the alkalinity lends to be 
higher in the caves than outside. 

Phosphates are practically absent, being 
reported as “considerably less than .05 ppm 

PO,.” 

Sulphates, on the other hand, are high in 
the surface waters and in one of the hot 
springs. They are relatively low in the cave 
waters. 

The water apparently feeds into Pool 
No. 1 or 2 through subterranean springs. 
The former is probably connected with the 
latter as is indicated in the map, Text-fig. 1. 
Pool No. 2 spills over into a running brook 
which widens in the area of the series of 
cups from which it runs into Pool No. 3 
It drops into this over a nearly vertical 
plunge of about 25 feet. This flow continues 
on until the major bat roost is reached. 
Here there is a small waterfall from an 
overhanging shelf and further on another, 
in two streams down a mud slope to Pool 
No. 4. The water draining into Pool No. 4 
is clearly of considerably greater volume 
than that leaving Pool No. 2. Consequently, 
it is to be interpreted that there are a con¬ 
siderable number of tributary additions 
along this length of the gallery. In fact, in 
many places there are to be seen wet and 
dripping places on the walls, showing the 
influx of additional water. 

The water in all places is crystal clear, 
even in the far recesses of the cave where 
everything is floored with and the water 
surface covered by bat guano. The tempera¬ 
tures and pH readings are given in Table I. 
These both are remarkably uniform and no 
significant temperature differential could 
be noted between surface and bottom in 
depths up to twenty feet. An exception to 
this must be made in several readings of 
temperature in the small basins above Pool 



Table 1. 

Temperatures, Humidities and Water Analyses. 
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No. 3. Here readings of 23.5, 24.0 and 25.0 
were recorded. This seemed to be associated 
entirely with the speed of flow through a 
given cup, those receiving a good flow being 
substantially the temperature of the large 
pools, while those that were relatively stag¬ 
nant varied, generally on the high side, 
presumably increasing in temperature be¬ 
cause of the generally warmer cave at¬ 
mosphere. 

The entire temperature situation in this 
cave is apparently influenced by the proxim¬ 
ity of the underlying magma. We are as¬ 
sured by Dr. H. E. Wood II that such tem¬ 
peratures could not be maintained in such 
a cavern on a basis of surface air and 
water temperatures alone. 

During the rainy season it is impossible 
to enter the cave, according to local state¬ 
ments. When seen by us a completely dessi- 
cated stream bed led into the mouth of the 
cave. In addition to local statements there 
was much evidence that during the rainy 
season this stream becomes a roaring tor¬ 
rent, almost surely completely closing the 
cave mouth. The internal evidence of the 
cave supported this, and it would seem that 
the place fills with water with the possible 
exception of the high-vaulted chambers 
which may hold pockets of air at all times. 
Mud carried to high cavities m the wall 
gave evidence of this. A considerable forma¬ 
tion of flow-stone steps is reached before 
Pool No. 1 is found, and were perfectly dry 
at the time of our visit. 

Probably early in the season most of the 
action of the water is corrosive and at- 
tritional, while later with the water moving 
slowly with both solution and deposition 
going on, there is a tendency to build up 
more deposits of limestone, which process 
goes on throughout the dry season wherever 
water remains. 

Locally the water is considered thorough¬ 
ly potable and is much used by a nearby 
Indian village, inhabitants of which draw 
their water from Pools No. 1 and 2. 

Cave Cltmate. 

The climate of La Cueva Chica ai the 
time of our visit was fairly static, but 
probably this cave varies considerably 
throughout the year in regard to tempera¬ 
ture and humidity, at least much more so 
than most caves that have been reported 
on, partly because of its small size. 

Since water enters the cave in great 
quantities for part of the year, it undoubt¬ 
edly influences the temperature to a con¬ 
siderable extent, very likely tending to re¬ 
duce it, sihce swollen, rainy-season streams 
are generally much cooler than other sur¬ 
face waters. 

The ventilation of this cave is extremely 
limited. The only openings to the outside 


that we could find were the entrance we 
used and a small crevice opening about two 
hundred feet away. This latter was detected 
only by reason of some smoke from photo¬ 
graphic flares, used for the taking of motion 
pictures, finding its way out this small 
opening too narrow to pass a man. The be¬ 
havior of smoke from these flares and the 
long time it hung in the chambers pre¬ 
cluded the existence of any hidden crevice 
of importance. Also, the behavior of the 
bat colony indicated that they used the 
one major entrance only. 

Although the air was oppressi\e and 
heavy, it was not unpleasant to smell until 
the area of the major bat roost was entered. 
Here it had the acrid, gagging character¬ 
istics generally associated with a sizeable 
bat colony. 

Apparently the only change of air is that 
induced by weather changes, which “pump” 
air in or out, depending on the behauor of 
the barometric pressure. Added to this would 
be whatever dissolved gases invade or e\ ade 
through the water surface to accumulate or 
be carried along to greater depths In the 
water flow 7 . The daily flight of bats m and 
out no doubt alpo contributes to the agita¬ 
tion of the air, preventing any stratification 

Up to the first pool the direct effects of 
daib weather changes could be detected. 
That is, on dry days the walls would show 
condensed moisture where the damn an oi 
the cave tended to cool when it made con¬ 
tact with the outer dry air. Here at such 
times the atmosphere of the entrance wie 
refreshing, but beyond such a point, \ar\ inj.» 
from day to day, it w r as consistent 1\ op¬ 
pressive. 

Data on temperature and humidiU uie 
given in Table I. 

Terrestrial Organisms. 

The only moderately large terrestrial 
animals that apparently dwell regularh m 
La Cueva Chica are the bats. These an* 
exceedingly numerous, and w'hile it was not 
the purpose of the expedition to studv the 
bats, they were sufficiently conspicuous to 
warrant some remarks. When Dr. M\ron 
Gordon entered the cave in 1939 as far as 
Pool No. 2, he found a good sized colony 
over that body of water. On our visit w r e 
did not encounter more than a few small 
groups of bats until the region marked on 
the map “minor bat colony” was reached. 
From here on bats were numerous, concen¬ 
trated into two colonies, the second of which 
was immense. 

The few specimens collected w*ere kmdlv 
identified by Dr. J. E. Hill, of the American 
Museum of Natural History, as: s 

jamaiccnsis Leach, Natalus nuxicanus 
Miller and Mormoops megalophylla ftenicyla 
Rehn. Due to the inrush of water in the 
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rainy season these bats almost surely must 
vacate the cave for part of the year. 
Micronycteris megalotis mexicanus Miller 
was taken in El Nilo. 

Mr. Marshall Bishop reported seeing 
some bats scamper high up the walls in true 
vampirine fashion. This, coupled with local 
accounts of vampire attacks on farm ani¬ 
mals, sounded convincing, and the finding of 
droppings in El Nilo that looked very typical 
of vampire droppings, leads us to believe 
that they are actually dwelling in this 
region. 

Aside from that of human beings, there 
was no other evidence of mammalian activ¬ 
ity within the cave. Birds, reptiles and 
amphibians seemed to be completely absent. 

Arthropods in the form of insects and 
arachnids were ubiquitous. A representa¬ 
tive collection was made by Mr. Bridges 
and has been deposited in the American 
Museum of Natural History. They will form 
the basis of a separate report by Dr. W. J. 
Gertseh. Probably the most conspicuous 
insects were small flies which flew about 
our lights in large numbers. These flies 
were kindly identified by Dr. C. If. Curran, 
of the American Museum of Natural His¬ 
tory, as Pholf onnjia inch com Lowe (Mili- 
chiidae) and some Psychoda sp. (Psycho- 
daidae). The former was the predominant 
form. The most evident arachnids were 
large whip-scorpions which clung openly 
to the walls. 

The bat guano contained great quantities 
of a macroscopic free-living nematode. When 
this material is finally studied it will prob¬ 
ably be found to contain a fauna of some 
variety. This material is now in the hands 
of Dr. R. F. Nigrelli. 

Aquatic Organisms. 

The in\ertebrate aquatic organisms con¬ 
sisted of microscopic forms and two macro¬ 
scopic forms. One, a crayfish, Macrob)ach¬ 
at m jamaicensix (Ilerbst), which was 
lighter in color than those outside but with 
functional vision, is not to be considered as 
a cave form proper. Another, and smaller 
form, has been described as a new sub¬ 
species by Dr. II. H. Hobbs, Jr., under the 
name Cambants blavdingii cucvaehicat . 
(Hobbs 1941). This lack of optical differ¬ 
entiation is equally true of the microfauna 
which is being studied by Dr. Nigrelli. 

The only aquatic vertebrate encountered 
was the fish that the expedition set out to 
study. These fish had twice before been 
collected. Originally they were taken in 
1936, as discussed in the introduction. 
Gordon and Coronado in 1939 made a hur¬ 
ried visit to the cave and took a second col¬ 
lection. In the first visit specimens were 
taken from Pools 1 and 2, while on the 
second they could be found only in Pool 2. 


As neither party was equipped to go further 
than Pool 2, it remained for the present 
and third to examine the fish fauna to the 
workable end of the cave. 

The most striking feature of this faunal 
unit was the discovery that these blind fish 
were not a uniform group. The fish pre¬ 
viously collected were all blind and their 
offspring likewise grew up to be sightless 
creatures. Mr. Albert Greenberg of Tampa, 
Florida, has been especially successful in 
breeding this fish in captivity and obtained 
uniform material to the fifth generation. 
Shortly after the return of the expedition, 
a visit to his establishment showed that he 
had thousands of specimens of various ages, 
and ho had noted that although he had 
reared them through five generations in 
light, all were completely blind. 

It was quickly found in the cave that the 
fish ranged all the way from eyeless, pale 
creatures to fish that could not be dis¬ 
tinguished from the normal river Astyanax 
mexicanus (Filippi). 

The introduction of a light into the ca\e 
apparently causes those individuals endowed 
with e\ os sufficiently perfect to recognize a 
light beam to retreat hastily, while the truly 
blind individuals seemed to give no atten¬ 
tion to the strongest beam of a flashlight 
(See Breder & Grosser, 1941a, 1941b and 
1941c). It was only after we had become 
thoroughly familiar with the cave and had 
baited the fish to given spots that we ob¬ 
tained the eyed and partially eyed forms. 

Further, we found that there was a dis¬ 
tinct gradient in that the further we went 
into the cave the more numerous became the 
fully eyed forms, and those fish not at all 
distinguishable from the normal river fish 
were only obtained beyond the large falls at 
Pool 3. Table II gives a measure of this 
gradient based on the arbitrary division 
of the fishes in blind, sunken eyed, covered 
and uncovered, and “normal-eyed,” as based 
on our preserved collections. These rather 
arbitrary categories may be described as 
follows: 

Blind —Eye socket covered with tissue level 
with the cheek, no evident eye struc¬ 
ture. 

Sunken nj <—Some evident eye structure, 
but sunken below rim of orbit. 

Covered —Evident sunken eye covered 
with tissue. 

Uncovered —Evident sunken eye ex¬ 
posed as in a pit. 

“ Normal ”—Eye convex and appearing as 
in a river fish, irrespective of its size, 
which was frequently very small. 

Pigmentation followed a similar course 
although not fully correlated with eye struc¬ 
ture. The pigmentation has been also arbi¬ 
trarily divided, the five categories of which 
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Table II. 

Eye Condition and Pigmentation of Cave Characins. 

Eye Condition 

Expressed in of catch 
Based on 119 specimens 


Sunken Eye 


Location 1 


Blind 

Covered 

Uncovered 

“Normal” ] 

Sta. 1 


85 

6 

_ 

9 

Sta. 2 


16 2 

8 

45 

31 

Sta. 3 


— 

9 

9 

82 




Pigmentation 



Location 

None 


Little Moderate 

Considerable 

Full 

Sta. 1 

90 


2 6 

2 

_ 

Sta. 2 

34- 


34 5 

8 

19 

Sta. 3 

3 


29 32 

24 

12 

* Sta 1 indicates 

Pool 11 on 

map , Sta 

2. Pool TII and Sta * Pool IV 



A Two specimens 

in this j/ioup blind on 

one aide onlv 




are given in Table II. The extent of correla¬ 
tion of these two features associated with 
cave life are indicated in Table IV. 

The sizes of the eyes of those fish with 
“normal” eyes are given in Table III. com¬ 
pared with river fish. Because of the varia¬ 
tion in relative eye size with absolute size 
in fishes, this table has been broken into 
three size groups for purposes of compari¬ 
son. From this treatment it is clear that the 
cave fishes extend from normal eye size to 
very small as compared with the river fish. 
Actually, the smaller eyed fishes taken in 
the river may represent a true genetic 
contaminant issuing from the cave or a gen¬ 
eral constitutional and initial eye variation 
in this group. 

Since the connection with the river is 
from the far end of the cave there may be 
a more or less continual interchange be¬ 
tween the river and cave fauna. 

The cave ends, as far as human entry is 
concerned, in an eliptical chamber, the form 
of which is well indicated in the map and 
section together with the presumed under¬ 
ground exit of the flowing water. Here the 
Rio Tampaon is about half a mile distant. 

A study of this variation in the eyes and 
pigmentation of these fishes must be re¬ 
served until an extended laboratory effort 
is made to obtain at least a basic under¬ 
standing of the genetic foundation of this 
population. Because of the bearing on 
laboratory work the data of Tables II and 
IV have been used by Breder & Grosser 
(1941a). 


During our visit to the cave, the fish 
were clearly in their reproductive season. 
Large females turgid with eggs were com¬ 
mon as were small specimens that could 
not have been more than a month old. Mr. 
Greenberg found that in captivity the addi¬ 
tion of some cold water to an aquarium 
would induce spawning, which led him to 
suppose that the rainy season might be the 
reproductive period. These two items taken 
together might be used to argue that spawn¬ 
ing occurs throughout the year, the peak 
perhaps being reached when the rains come. 
Against this view would be the mechanical 
circumstances accompanying the torrential 
waters passing through the cave during 
that period, which would hardly seem friend¬ 
ly to spawning, especially of the typo em¬ 
ployed by these blind fish. 

The sexes of the fish, together with then- 
sizes, are given in Table V. 

An attempt to examine the scales of these 
fish led to the surprising finding that re¬ 
placement scales were the rule rather than 
the reverse. In fact, only thirteen of the 
twenty fish large enough to show markings 
were useful in this connection, as is in¬ 
dicated in Table V. Whether this is to be 
construed as evidence that due to swim¬ 
ming in the dark these fish continually 
knock scales off themselves or whether they 
take a serious battering when the torrents 
of the rainy season come, can only be specu¬ 
lated upon at this time. Although these fish 
under certain conditions will ram into ob¬ 
jects, Breder & Gresser (1941a and 1941c), 


Size R&nge 
S.L. in mm. 
0 - 30 
31-60 
61-90 


Table III. 


Eye Size of Cave and Surface Characins. 


Expressed as a o of atandard lenjrth 
Baaed on 69 specimens with “normal** measuroable eyes 

Cave Specimens Surface Specimens 

Maximum Mean Minimum Maximum Mean Minimum 


119 7 
10 7 5 
8 6 5 


12 11 10 
10 8 6 
8 8 8 
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Table IV. 

Association of Eye Condition and Extent of Pigmentation. 

Expressed in % of extent of pigmentation. 

Rased on 119 specimens. 


Eye Extent of Pigmentation in Per Cent 

j:j.:xt _ r . j _ /-'i_• i » 


Condition 

None 

Little 

Moderate 

Considerable 

Full 

Blind 

98i 


2 

_ 

_ 

Sunken Eye (covered) 

56 

33 

11 

_ 

_ 

Sunken Eye (uncovered) 

— 

62 

15 

15 

8 

“Normal” 

2 

23 

28 

23 

24 


1 Two specimens in this group blind on one side only 


there is no observation noting that they dis¬ 
lodged scales by such accidents. 

It would be unwarranted to attempt to 
define the nature of the markings on the 
scales as to whether they are annual or 
otherwise. While they seem to occur in a 
reasonable sequence with size, we have no 
way of equating this with time. 

Although we know nothing of the various 
effects of their underground environment 
on the circulae of the scales, it must not be 
supposed that it is markedly uniform, for 
there is a clear annual cycle in the wet and 
dry season rhythm of this region. The fish 
are surely subjected to an annual change 
in temperature, quantity of water, rate of 
flow, food and perhaps in the chemical 
nature of the water itself. 

The food problem, as already suggested 
by the presence of other than cave creatures, 
is simple in this cave. The great abundance 
of food objects leading directly to the out¬ 
side renders the problem of primary diet 
quite simple. Organisms all the way from 
Cyclops and dipterous insects to the entire 
carcasses of bats are available to these 
fishes. Their stomach contents were found to 
consist of bat droppings and parts of other 
and smaller cave charaeins and their eggs. 
This would suggest that the only regular 
input of energy into the population for 
large parts of the year is bat dung. Their 


ability to thrive and reproduce on the ordin¬ 
ary foods supplied to small aquarium fishes 
also suggests the lack of any peculiar spe¬ 
cialization in dietary requirements. 

Discussion. 

The primary items of a cave fauna such 
as the present certainly center about the 
manner of establishment of a population 
of blind fishes and the nature of the asso¬ 
ciation of lack of light and congenital blind¬ 
ness. Superficially simple-looking, critical 
examination of the possible development of 
such a condition presents some distinctly 
puzzling phases. 

The finding of a long series of inter¬ 
mediates between the blind fish and the 
normal eyed river fish, which in itself is 
unique among cave fishes, gives hope that 
this material should prove of value in any 
attempt to understand this general associa¬ 
tion of blindness and darkness. Such a 
study, however, involves much further work. 

As the situation stands, the facts in hand 
are subject to various interpretations. It 
might be assumed that these fishes in their 
normal river environment carry the genetic 
factors for an eye defect. Dr. C. L. Ilubbs 
informs me that large series of Mexican 
Astyavax which he has examined show a 
surprisingly large amount of individual 
variation in eye diameter. Blind larval fishes 


Table V. 


Size, Sex and Growth of Cave Charaeins. 





Based on 119 specimens 





Standard Length in mm. 




Sex 

Maximum 

Mode 

Minimum 




Female 

83 

45 - 50 

40 




Male 

62 

50 - 55 

38 




Immature 

50 

35 - 40 

16 




Rings on Scales 

6 






5 

4 




« 


• 

3 



j* 


* 


2 




* 


+ 

1 



► 




0 


4 * 

* * t 





16 21 

26 31 

36 41 46 51 56 

61 

66 

71 


20 25 

30 35 

40 45 50 55 50 

65 

70 

75 



Standard length in 5 mm. intervals. 




Of the 20 fish above 55 mm. 

only 13 had other than replacement ucalea. 







76 81 

80 85 
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in the open river could hardly be expected 
to survive. However, with these fishes find¬ 
ing the way into cave waters, the eyed 
offspring presumably would have no ad¬ 
vantage over the eyeless, resulting in the 
survival of some of each. 

Following this thought along, two pos¬ 
sible conditions suggest themselves. 

It could be that such an entry was made 
some time ago and the resultant population 
as found is cut off from the river fauna 
and the eyed fish go on living in the absence 
of any detriment to having eyes, even if 
they cannot be used. 

An alternative interpretation would be 
that there is a continual interchange of 
fishes between the cave and the river. It 
is not surprising that blind fish are not 
to be found in the river, for they clearly 
have strong disadvantages in such an en¬ 
vironment, principally their blindness and 
conspicuous light hue. The contrary would 
not hold, and there may a more or less 
continual penetration of the cave waters 
by normal river fish. If this latter view is 
correct, it would suggest that the develop¬ 
ment of such a population of blind fish took 
a much longer time than would the first 
alternative, because of the slowness of the 
spread of a character that is evidently re¬ 
cessive in a continually diluting population. 

The finding of a progressive series of eyed 
fishes as one moves toward the river en¬ 
courages such a view. 

A quite different interpretation would be 
to assume that at some distant time a group 
of fish became entrained in this cave in a 
state of complete isolation and became blind 
by whatever mechanism operates under such 
conditions. Then a further assumption would 
be made that this population of thoroughly 
blind fish again came in contact with the 
normal river fish from which they were 
originally derived. The resultant stock as 
found would then be the hybrid mixture 
of these two groups. The increasingly higher 
number of eyed fishes as one nears the river 
would be compatible with this view. 

Other views concerning the possible direct 
effect of environment on vision and pigmen¬ 
tation find little support in the present mate¬ 
rial. There are eyed and intermediates liv¬ 
ing in the cave successfully with the eye¬ 
less for an unknown number of generations. 
Five generations of the entirely blind stock 
reared in brilliant light show no suggestion 
of returning vision or pigmentation. 

Experimental studies are here called for 
and in the words of Greaser & Breder 
(1940), “Until at least some of these are 
undertaken, it would seem to be pointless 
to attempt further speculation.” Progress 
in this direction has already been made and 
is reported in Breder & Gresser (1941a, 
3941b and 1941c). 


Summary. 

1. La Cueva Chica is able to support a 
population of temperature limited characins 
by virtue of nearby thermal waters which 
prevent the subterranean waters from fall¬ 
ing below a relatively high value. 

2. The cave characins are supported by 
a large variety of food items which trace 
directly or indirectly to the outside by way 
of bat droppings. 

3. The cave characins ( Anoptichthys 
jordani) show complete intergradation with 
the river characins (Astyanax mcxicanus) 
through a long series of individuals with 
intermediate eyes and pigmentation and 
surely represent a single population. There 
is a pronounced gradient in these features 
from one end of the cave to the other. 

4. Other animal organisms found living 
in the cave, bats, crustaceans, insects, spid¬ 
ers and related forms and a considerable 
microfauna, are not modified in any way 
comparable to that of the fishes and are 
not confined exclusively to a cave habitat. 

5. The cave itself, small in extent, so far 
as human entry is concerned, except for its 
high temperature is typical of limestone 
formations and shows no other exceptional 
features. 
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EXPLANATION 

Plate 1. 

Fig. 1. Calcareous scum on the surface of 
Pool No. 1. Photo by E. B. Grosser. 

Fig. 2. Blind fish as found in Pool No. 2. Here 
the individuals are nearly all of the 
fully blind type. This is the place from 
which the original collection was made, 
representing at once the exact type 
locality as well as the source of the 
parent stock of this form now to bo 
obtained from dealers. Photo by S. C\ 
D unton. 

Fig 8. Oup-liko basins below Pool No. 2. Photo 
by S. C. Punton. 


Mexico. Amer. Assoc. Pei . Geol., Tulsa, 
Oklahoma, xix-f 208 pp. 

Schuchert, C. 

1985c. Historical geology of the Antillean- 
Oaribbean Region or the lands bor- 
Caribbean Sea. Wiley, N. Y. xxvi-f* 
811 pp. Oklahoma, xix 4-208 pp. 


F THE PLATES. 

Plate II. 

Fig. 4. Pool No. 4, showing the low arch across 
its middle. The material floating on 
the water is caked bat guano. Photo by 
S. C. Dunton. 

Plate III. 

Fig. 5. Cave fish in various stages of eye de¬ 
generation. Reading from the top 
down: Fully blind and pigmentless 
type; Somewhat pigmented with a 
minature eye; “normal” fish from 
cave; “normal” fish from the Rio 
Tampaon. Photo by S. C. Punton. 
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4 . 

Quantitative Serologic Relationships 
Within the Artiodactyla . 1 

Joseph G. Baier, Jr. and Harold R. Wolfe 

Department of Zoology , University of Wisconsin 
(Text-figure 1). 


Introduction. 

Any study of animal relationships justi¬ 
fies the use of a serological method capable 
of stating in exact mathematical terms the 
degree of relationship of the animals being 
studied. In the present study a volumetric 
quantitative precipitin technique having 
these qualifications was employed in a study 
of the blood sera of some Bovidae and 
Corvidae. 

Although the precipitin reaction has been 
used in the study of plant and animal rela¬ 
tionships since 1900, only a few investi¬ 
gators have thought of its use in exact quan¬ 
titative terms, Boyden (1926) expressed its 
quantitative nature and stated that measure¬ 
ments of degree of relationship so obtained 
are independent of interpretation. Further 
elaborating on the idea. Boyden & Baier 
( 1929) devised an exact quantitative volu¬ 
metric precipitin technique that is “simpler 
and more rapid than any other which has 
been used in the quantitative study of blood 
relationships, and that through it highly 
significant mcanurf rtu nts of biological rela¬ 
tionships may be made.” Their technique of 
measuring volumetrically the amount of pre¬ 
cipitate formed in the reaction was a de¬ 
cided improvement over the methods of 
Nuttall (1904), Schur (1904), Hamburger 
(1905), and Mollison (1924), in that of all 
these workers, they were the only ones who 
gave an adequate statement of the reliability 
of their technique. In one series of 86 de¬ 
terminations the average error of the indi¬ 
vidual readings was 5 per cent, when com¬ 
pared with the mean of the series. The aver¬ 
age deviation of the means of successive 
pairs of readings was the same as the devi¬ 
ation of the whole series, while the means 


J The Works Progress Administration furnished personnt 1 
assistance under the University Natural Science Project. 
Work Project No. 10324 for this research. 

The authors wish to thank the various contributors 
listed in Table I for furnishing the samples of blood sera 
used in thib study. 


of the values taken in quartets dropped to 
8 per cent. An error in technique of this 
value, when supported by statistical analy¬ 
sis, is indeed very significant. According to 
Boyden (1934), “the results of the applica¬ 
tion of such a technique to the study of 
serologic relationships should be of great 
interest. It is likely that this technique will 
succeed in distinguishing closely related 
species, which have heretofore been indis¬ 
tinguishable by the precipitin test.” So far, 
this is the only volumetric test which has 
been used in serological relationships. 

Using this improved volumetric tech¬ 
nique, Baier (1988) established the con¬ 
stancy of in-vitro factors for proper execu¬ 
tion of the tests. Wolfe & Baier (1988) by 
using the ring test and the volumetric pre¬ 
cipitate measurement procedure showed that 
the in vivo injection procedure may influ¬ 
ence the “type” of precipitin that may be 
produced. They found that high-titered (ring 
test) antisera were produced by one or two 
series of injections of undiluted antigen 
while continued re-injections resulted in an 
increase in the precipitate forming power of 
an antiserum without causing an increase in 
the ring test “titer” of the antiserum. They 
indicated the presence of (1) a “titer”-pro- 
ducing antibody and (2) a “precipitate”- 
forming antibody. It is important when at¬ 
tempting volumetric relationship studies 
that an antiserum be employed having high 
precipitate forming powers. 

A more recent technique of precipitate 
measurement which should parallel the 
volumetric technique is that of the Libby 
Photronreflectometer (Libby, 1938) which 
measures the amount of precipitate formed 
in the precipitin reaction by nephelometric 
methods. So far two papers have appeared 
(Boyden, 1938, and DeFalco, 1941) indicat¬ 
ing its possible use in relationship studies. 

With the reliability of the volumetric 
technique well established, an investigation 
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of the serological relationships of some 
Bovidae and Cervidae was attempted to 
parallel a similar study of Wolfe (1939) 
who reported on some of these same sam¬ 
ples of blood. In his paper, however, only 
the “ring” test was employed. 

The earliest work of actual precipitate 
measurement in a problem of animal rela¬ 
tionship studies is that of Nuttall (1904), 
who with Strangeways reported, among 
others, some studies made with the bloods 
of some Cervidae and Bovidae. Since then 
only the paper of Boyden (1934) reported 
one brief study of an ox-sheep reaction as a 
suggestion of the possible use of a volu¬ 
metric precipitin technique. 

Materials and Methods 

Antibodies were produced in healthy adult 
male and female rabbits of various breeds. 
The undiluted serum antigens were injected 
intravenously at intervals of a month or 
more; the initial series of injections con¬ 
sisted of three injections given on alternate 
days and the total quantity of antigen in¬ 
jected was 3 ml. Subsequent series of injec¬ 
tions consisted of two injections on alter¬ 
nate days of a total of 1.5 ml. This method 
of antigen injection was shown by the au¬ 
thors (1938) to be conducive to the produc¬ 
tion of good precipitating antisera. 

The animals were bled from the heart 
with sterile syringes and needles, the blood 
allowed to clot, and the exuded serum fil¬ 
tered through Seitz filters. The serum was 
transferred to sterile ampoules and stored 
in the refrigerator until used. 


The serum antigens used for antibody 
production (Table 1) were deer, ox, buffalo, 
sheep, and goat. Test antigens consisted of 
various species of Artiodactyla (Table II). 

The tests, in vitro, were carried out fol¬ 
lowing the method of Boyden & Baier (1929) 
using standardized Van Allen thrombocy- 
tocrits to measure volumetrically the pre¬ 
cipitate obtaine4 by incubating known 
amounts of antigen and antiserum. Mixtures 
of 0.5 ml. of antiserum and 0.5 ml. of 
antigen (either homologous or heterolog¬ 
ous), diluted to give a protein content so as 
to stay in the range of relative antibody ex¬ 
cess, were made directly into the thrombocy- 
tocrits. These were then placed in a water 
bath at 37.5 1 -+ 0.5 C for one hour and 
centrifuged for two fifteen-minute periods 
in a tachometer controlled centrifuge at the 
rate of 2,400 R.P.M. Readings were made 
in duplicate and sometimes in quadruplicate. 
The protein content of all antigens was 
based on total nitrogen which was deter¬ 
mined by a modified macro-Kjeldahl method. 
The test antigens were standardized to give 
similar protein content by diluting with 
buffered saline (Evans, 1922). It was neces¬ 
sary at times to dilute the antiserum with 
buffered saline in order to avoid an exces¬ 
sive amount of precipitate. Tests with any 
one antiserum were always made at a con¬ 
stant dilution of antiserum. Anv variations 
in the measurable precipitate were due then 
to differences in the proteins of the various 
blood sera used in these relationship studies. 
Relationships were recorded in terms of the 
percentage of volume given bv a heterolog- 
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ous determination in comparison to the 
homologous precipitate volume taken as 100 
per cent. The average of at least six read¬ 
ings on the curve of reaction, of three dif¬ 
ferent antigen concentrations in the area of 
relative antibody excess was taken for any 
one relationship value. By using six read¬ 
ings as a minimum the statistical reliability 
of the test could be established (Boyden & 
Baier, 1929) and by taking these readings 
from the area of relative antibody excess 
the resolution of the precipitate by excess 
antigen could be avoided as well as obtain¬ 
ing a greater constancy in the readings 
(Baier, 1933). He also demonstrated that it 
is not advisable to use the entire curve of 
reaction since readings taken in the area of 
antigen-antibody equilibrium are unreliable. 
Text-fig. l t taken at random from Table V, 
illustrates those points from the reaction of 
anti-deer serum with the homologous and 
heterologous antigens used in this study. 
The region of relative antigen-antibody 
equilibrium is shown as the discontinuous 
peak of the curve. To the left is the area of 
antigen excess, while to the right is shown 
the area of antibody excess where the 


heterologous readings were made for rela¬ 
tionship studies. 

Results. 

In Table III are presented the data ob¬ 
tained from two anti-ox and one anti-buffalo 
sera. These antisera were reacted with 
their homologous antigens and with several 
Jietorologous antigens. 

The data of 21-3 and 22-2 show that the 
buffalo and eland sera are more closely re¬ 
lated to ox than are the sera of the other 
Bovidae or the Oervidae. Furthermore, the 
per cent, values indicate that buffalo is more 
closely related to ox than is the eland. This 
essentially verifies the results of Wolfe 
(1939), but it should be emphasized that 
the technique employed in the present paper 
enables a distinction between ox and buf¬ 
falo antigens which he could not show using 
the ring test with unabsorbed sera. 

The two ox antisera did not give similar 
degrees of reaction in per cent, with the 
heterologous antigens but the relative posi¬ 
tions of the animals was constant. Similar 
results will be noted throughout this paper. 
It is advisable, therefore, to emphasize 


Table I. 


Test antigens. 


t 

Smntifu Naim 

( ontmon Nam< 

Sour< t of Matei ml 

<>\ idao 

Boh taunt a 

Ox (2 samples) 

Mayer Packing Company 


Ilisov bison 

American buffalo 

Yellowstone National Park 


T a a rot i a gas oi y * 

Eland 

New York Zoo 



Voephayas <ft an mens 

Yak 

San Diego Zoo 



A uoa (h pi <»ss icoi in s 

A non 

New York Zoo 



Oris ai irs 

Sheep ( 3 samples ) 

Mayer Packing Company 


('api a hirers 

Goat 

University Farm 


Oris ti ayelapha s 

Aoudad 

New York Zoo 



Oris canadensis by Ons 

Mountain sheep hybud 

San Diego Zoo 



mnsimon 





A ntdope vet neapi a 

Black buck antelope 

New York Zoo 


< i vidae 

Odocodens rn ynuanits 

White-tailed or Virginia deer 

Madison Zoo 



Cei ras a ns 

Axis deei 

New York Zoo 



Cei ras canadensis 

Wapiti (2 samples) 

New York Zoo 




Table 11. 





Quantity Incited 





Fir^t Additional 

Hied 

HomoloKou* 

Kahhit 

Antigen Sei ies of 

Senes S« ries 

< days follov .itik 

Titer 

Numlu i 

Injected Injection's 

i undiluted > (indilutedi 

lant inject am» 

1 rinjy-test I 

21-3 

Ox 4 

3 ml. 1.5 ml. 

10 

1,021,000 

22—2 

Ox 3 

3 ml 1.5 ml. 

10 

256,000 

54 2 

Buffalo 3 

3 ml. 1 5 ml. 

10 

512,000 

30 2 

Sheep 3 

3 ml. 1.5 ml. 

10 

512,000 

50- 3 

Goat 1 

1.5 ml. 

10 

512,000 

51 -3 

Goat 1 

1.5 ml. 

10 

256,000 

62 -1 

Virginia deei 2 

’ 1.5 ml. 

7 

512,000 

62- 2 

Virginia deer 3, 

1.5 ml. 

7 

512,000 

62- 3 

Virginia deer 4 

1.5 ml. 

8 

512,000 

62- i 

Virginia deei 5 

1.5 ml. 

8 

512,000 

62-5 

Virginia deer 6 

1.5 ml. 

8 

512,000 


* lleiween .75 to 1 5 m« total protoin per kp: of body \y<iyrht. This is actually the second tunes of injections as 
the animals were previously injected with minute quantities and reported by W life (1989). 




Table III. 


Antigen 

21 3 

anti-beef 

Antisera 

anti-beef 

22-2 

anti-buffalo 

54-2 

Ox-1 

100.0 

100.0 

78.8 

Buffalo 

94.3 

84.9 

100.0 

Eland 

84.8 

64.17 

— 

Yak 

— 

— 

77.7 

Anoa 

-- 

— 

74.4 

Sheep - 5 

44.9 

52.90 

— 

Sheep ■ 6 

— 

54.53 

— 

Sheep - 6W 

— 

— 

38.4 

Goat 

36.0 

53.03 

— 

* Black buck antelope 

42.2 

32.47 

22.7 

"“Wapiti 

43.71 

42.8 

30.7 

•“Axis deer 

50.13 

39.23 

42.3 

Virginia deer 

45.8 

53.93 

44.8 

♦Datu may not be reliable due to 

excessive hemoglobin 

in test samples. 



phylogenetic position rather than actual per 
cent, relationship. 

The percentages in the reactions of the 
Bovidae sera, other than the buffalo and 
eland, and of the Cervidae sera, were, on the 
whole, quite similar. Thus the wapiti, Vir¬ 
ginia deer and axis deer seem to be as closely 
related to the ox as are the sheep, goat and 
black buck antelope. Since such closely re¬ 
lated forms as the goat and sheep or the axis 
deer and wapiti did not, as would be ex¬ 
pected, give similar percentage reactions, it 
seems necessary to treat the more distantly 
related forms as a group, rather than to 
attempt to give each animal a definite posi¬ 
tion in the table. 

The buffalo antiserum ( 54-2) was reacted 
with yak and anoa bloods as well as with 
some of the antigens tested with ox antisera. 
The ox, yak, and anoa bloods all gave simi¬ 
lar percentages and showed a much closer 
relationship to buffalo than did the other 
Bovidae and Cervidae. This result was to be 
expected. Again the more distantly related 
forms gave inconsistent results and must 
be treated as a group. 

Table IV presents the data obtained from 


anti-sheep and anti-goat sera reacted 
against their homologous antigens as well as 
representative heterologous antigens. The 
anti-sheep serum (30-2) was able to dis¬ 
tinguish between sheep and goat sera, and 
their high percentage values indicate a 
closeness in the relationships of these forms. 
That these percentage \ allies are statisti¬ 
cally reliable is indicated by the ratios of 
the means to their respective probable er¬ 
rors. For sheep-6 serum the ratio was 55:1. 
while for goat serum the ratio of the mean 
to the probable error of the mean was 140:1. 
These figures, in being well above the 4:1 
ratio generally accepted as indicating sta¬ 
tistical reliability, are highly reliable in 
stating that by means of this volumetric 
test it was possible to distinguish sheep 
serum from goat serum which had not been 
hitherto usually possible using the ring test 
with unabsorbed sera. The order of rela¬ 
tionship for the other animals indicated that 
ox and buffalo were more closely related to 
the sheep than were the Virginia deer, black 
buck antelope, eland, axis deer and wapiti. 
The reactions of the sera of these distantly 
related forms did not give the consistent re- 


Table IV. 


Antisera 


Antigens 

30 2 

nnti-shcep 

50 3 

anti-goat 

51-3 

anti-goat 

Sheep - 6 

100.0 

— 

— 

Sheep - 5 

99.60 

91.9 

63.8 

Goat 

96.30 

100.0 

100.0 

Aoudad 

— 

84.3 

— 

Mountain sheep hybrid 

— 

81.2 

— 

Ox - 1 

87.40 

42.8 

27.6 

Buffalo 

85.57 

44.7 

24.8 

Eland 

70.40 

- 

_ 

“Black buck antelope 

71.57 

-- 

— 

Virginia deer 

77.27 

51.3 

30.7 

*Axis deer 

68.53 

40.9 

20.5 

*Wapiti - 1 

61.7 

— 

23.1 

“Wapiti - 2 

* Data may not bo reliable due* 

— 54.8 

to excessive hemoglobin in test antigens. 

22.8 
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suits expected of closely related forms and 
these species should be regarded as a group 
rather than individually. 

The two anti-goat sera (50-3, 51-3) were 
more specific than the anti-sheep serum. The 
sheep serum again could be distinguished 
from the goat serum, and the high per¬ 
centage reaction of the aoudad and moun¬ 
tain sheep hybrid show their closeness to 
the goat. On the other hand, the remaining 
Bovidae and Cervidae reactions were lower 
and it cannot be said which ones are more 
closely related to the goat. This result is 
consistent with the data for anti-ox and 
anti-buffalo sera presented in Table III. 

Antigoat serum 51-3 gave much lower 
percentages with the heterologous antigens 
than did 50-3, indicating that the former 
serum can be considered to be more specific. 
Such differences in serum specificity are 
also known to occur with the ring test 
method. 

Table V illustrates the data of five anti- 
Virginia deer sera produced in a single 
rabbit. This rabbit was given several series 
of injections and bled after each series. 
Animals injected by this method were 
shown by Wolfe & Baier (1938) to produce 
high precipitating antisera useful in quan¬ 
titative volumetric precipitin studies but 
giving \ery aspecifie reactions if the ring 
tevt technique is used. 

The reactions of all five antisera gave 
larger amounts of precipitate with members 
of the doer family than with the Bovidae. 
In e\cry case the axis deer and wapiti could 
lie distinguished readily from the Virginia 
deer, while the Botidae gave considerably 
lower percentage values. The relative close¬ 
ness of the axis deer and wapiti to the Vir¬ 
ginia deer is not definite from the data pre¬ 
sented. In two out of three instances where 
both tests were made the axis deer showed 
the closer relationship, but in the other just 
the opposite condition was observed. Then 
again, the two wapiti bloods do not give the 
same degree of reaction. The only explana¬ 
tion the authors wish to offer is that these 


samples of sera contained a large amount 
of hemoglobin and possibly the per cent, of 
protein, obtained on the basis of total nitro¬ 
gen, was inaccurate. The authors feel that 
exact protein content of the active antigens 
is essential and disagreements of the type 
illustrated can be avoided only if better 
methods can be devised for measuring only 
the reactable antigens. 

Discussion. 

The data presented in this paper confirm 
and extend the evidences for facts concern¬ 
ing the blood relationships of some species 
of Bovidae and Cervidae previously shown 
by morphological and by other serological 
techniques. 

That morphology has its place in phylo- 
geny is not disputed; that it has its limita¬ 
tions is evident. The serologist can apply his 
studies to a more exact and quantitative 
estimation of present relationships with a 
technique which is independent of mor¬ 
phology. This is the aim of the present 
paper. 

The volumetric method of measuring the 
amount of precipitate formed in the pre¬ 
cipitin test has enabled a distinction be¬ 
tween some very closely related forms. Thus 
ox and buffalo, and sheep and goat could be 
distinguished from each other. This is 
usually not possible with unabsorbed anti¬ 
sera using the ring test. The advantages of 
the volumetric test over the ring test is of 
this nature. Its disadvantages are that the 
test is time-consuming in its operation, 
protein contents of all test antigens must 
be verv accurately determined, and as to the 
data, it has not been possible so far to in¬ 
dicate the degree of relationship of more 
distantly related forms. It is hard to ex¬ 
plain why the more distantly related forms 
reported in this paper show inconsistent de¬ 
grees of relationship to a test antiserum and 
why all of these distantly related forms, re¬ 
gardless of their phylogenetic position, 
show about the same per cent, of distant 
relationship. No attempt was made to study 


Table V. 


An Litre n 

Virginia deer 
Axis deer 
Wapiti - 1 
Wapiti - 2 
Goat 
Sheep - 5 
Ox - 1 
Ox - 5 
Buffalo 
Eland 

Black buck antelope 


62 1 

(52 2 

100.0 

100.0 

83.7 

— 

76.2 

66.3 

— 

77.0 

69.1 

43.7 

— 

45.9 

— 

44.7 

57.1 

— 

— 

41.6 

— 

40.6 

60.9 

37.3 


^nti-Virginia Doer Sera 
62 

100.0 

96.4 

88.6 

76.8 
77.2 

70.9 

76.8 

61.9 


62 -4 

62 5 

100.0 

100.0 

72.4 

59.6 

— 

66.4 

— 

78.1 

56.8 

— 

69.6 

50.6 

— 

48.8 

63.5 

53.2 

50.9 

— 

59.0 

— 


4 Data may not be reliable due to excessive hemoglobin m the te^t antigens 
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this problem at the present time; distantly 
related forms were merely spoken of as a 
group rather than as individuals. 

A possible explanation may be that the 
relative position of the region of antibody- 
antigen equilibrium in shifting toward the 
left (refer to Text-fig. 1), as reaetable anti¬ 
gen decreases and toward the right as re- 
actable antigen increases will alter the na¬ 
ture of the curves being studied, and only 
by studying antigens having approximately 
the same reaetable antigen content will the 
curves of reaction be reliable. No degree of 
controlling total antigen content by means 
of Kjeldahl determinations can alleviate this 
difficulty as the Kjeldahl determinations 
measure the total protein content of test 
antigens and not the per cent, of reaetable 
or specific protein antigens. 

The ring test titers on the other hand, are 
not influenced either by slight variations in 
protein concentration or by the proportions 
of antigen and antibody in the reaction mix¬ 
tures since the end point used (titer) is sim¬ 
ply the maximum dilution of an antigen that 
will form a ring of precipitate at the junc¬ 
tion of antigen and antibody. 

Comparisons of the data obtained by the 
ring test and by the present volumetric 
technique can be made by referring to the 
paper of Wolfe (1939), who reported on 
three of the rabbits used to produce anti¬ 
sera in the present paper. These rabbits 
(numbers 50, 51, and 62) were given one 
series of minute injections of antigen to 
produce the specific antisera required to 
distinguish closely related forms using the 
ring test, and were then given additional 
series of larger injections to produce the 
high precipitate forming antisera for use in 
the volumetric precipitin test. The results 
are in general agreement as has been stated 
previously. 

The technique employed has consistently 
enabled a distinction of such closely related 
forms as ox from buffalo, sheep from goat, 
and Virginia deer from axis deer and wapiti. 
Were the ring test to be employed, such dis¬ 
tinctions could not be consistently made with 
undiluted sera. The volumetric method used 
in this paper seems to be a very reliable 
one in showing the differences of very 
closely related forms. On the other hand, the 
more distantly related forms used in this 
work can be classified together only as a 
group rather than as individuals. A more or 
less rough grouping is possible from the 
data presented. The more closely related 
forms could be placed in one group and sub¬ 
divided according to their closeness of rela¬ 
tionship while the more distantly related 
forms were placed in a second group and 
subdivision was not possible except in one 
instance (anti-sheep serum). 

In tabular form, this data can be pre- 
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Rented as a brief serological classification 
in the following fashion. 

A. Classification based on anti-beef sera 
Group I A. Ox 

B. Buffalo 

C. Eland 

Group II Other Bovidae and Cervi- 
dae tested 

B. Classification based on anti-buffalo 
serum 

Group I A. Buffalo 

B. Ox, yak, anoa 
Group II Other Bovidae and 
Cervidae 

C. Classification based on anti-sheep 
serum 

Group I A. Sheep 
B. Goat 

Group II A. Ox, buffalo 

B. Other Bovidae and 
Cervidae 

D. Classification based on anti-goat sera 
Group I A. Goat 

B. Sheep 

C. Aoudad, mountain 
sheep hybrid 

Group II Other Bovidae and 
Cervidae 

E. Classification based on anti-deer sera 
Group I A. Virginia deer 

B. Axis deer and wapiti 
Group II Bovidae 

Sr MM ARY. 

1. The sera of thirteen representative 
species of Bo\ idae and Cervidae were 
used as test antigens. 

2. Eleven antisera were produced against 
five of these thirteen species. 

3. Antisera were produced having high 
precipitate forming powers. 

1. The per cent, of relationship is reported 
on the basis of the volume of precipi¬ 
tate formed in the reaction mixture 
when compared with the homologous re¬ 
action taken as 100%. 

5. Ox, buffalo and eland are related to 
each other in the order named, and 
could be distinguished from each other. 

6. Virginia deer could be distinguished 
from axis deer and wapiti. 

7. Ox, yak and anoa are closely related to 
buffalo. 

8. Sheep and goat could be distinguished 
from each other. 

9. Aoudad and mountain sheep hybrid 
could be distinguished from goat and 
these forms were more closely related 
than were the other Bovidae. 

10. This work confirms ring test studies, 
but enables a finer distinction of closely 
related forms. 
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5 . 

Observations on the Electric Discharge of 
Torpedo occidentalis. 

C. W. Coates 

Aquanst , New York Zoological Society 
and 

R. T. Cox 

Depot tment of Physics , New York Vtiivei sity. 
(Text-figures 1 4). 


In Juno of 19U a specimen of Torpedo 
ocdfUntalia was brought to the New York 
Aquarium and several more were brought 
m during the next few weeks. These were 
all large, in excess of 15 kilograms in 
weight, and one was very large, 61 kilo- 
giams, probably a record size. 

A few electrical measurements were made 
on the first of these fish within a few’ hours 
after its arrival at the Aquarium. Circum¬ 
stances unfortunately delayed further ob¬ 
servations, and before they could be resumed 
all these specimens died. Two others, how¬ 
ever. remained available at Point Lookout, 
Long Island, at the fish pier of Mr. Robert 
I)o\see, from whom the former specimens 
had been obtained. To avoid possible injury 
to these fish by the handling necessary in 
transporting them, it w r as thought advisable 
to observe them without bringing them to 
the Aquarium. Through the courtesy of 
Mr. Doxsec a cathode-ray oscillograph and 
accessory equipment wore set up at Point 
Lookout, partly on the pier and partly on 
the live well floating alongside, in which the 
fish were kept. Observations under these 
conditions were somewhat difficult and, what 
was more unfortunate, the two fish, after 
having been for several w T eeks in the live 
well, were evidently in very poor condition. 

Although for these reasons our observa¬ 
tions are necessarily rather fragmentary, 
they appear to contain some information 
not recorded elsewhere, and a brief report 
on them would thus seem to be worth while. 

The first specimen showed a peak voltage 
of 220 volts when the dorsal and ventral 
surfaces of its electric organ on one side 
were connected to the oscillograph on “open 
circuit,” so that no appreciable current was 


drawn except what flowed in the circuit 
made through the body of the fish. Except 
for the voltage drop caused by this current, 
the full electromotive force would have been 
measured in this way. Probably the electro¬ 
motive force was not much higher than the 
measured peak voltage, and may therefore 
be taken as approximately 220 volts. 

In this species, however, the electromotive 
force appears to vary widely with the condi- 
tion of the fish. The measurements made on 
this specimen were so arranged as to keep 
the fish out of water as short a time as pos¬ 
sible. Actually they were all completed in 
about one minute. We can not say how many 
discharges were made in this time; there 
were certainly several hundred, possibly a 
thousand. Whether from being out of water, 
from fatigue, or from the handling inciden¬ 
tal to the measurements, the peak voltage 
on open circuit dropped 60 volts during this 
time. More striking still was the difference 
between this specimen and the two observed 
at Point Lookout. Although these were of 
about the same size as the first specimen, 
their peak voltage on open circuit was only 
about 25 volts. 

The oscillographic traces produced by the 
first specimen were not recorded photo¬ 
graphically but only noted visually. Even 
so, certain differences between the traces 
made by the torpedo and those made by the 
electric eel and described elsewhere 1 were 
evident. The discharge of the torpedo did 
not show so sudden a rise in voltage or so 
abrupt a transition from a rapidly rising to 
a gently falling voltage. A few photographic 

1 Ooati'M, C W.. R T Cox, and I. P Granath. Tho 
Electric Diseharfcf of the Electric Erl. Fla tiophoiu* dec 
tricut (Linnaeufl) Zoolooica, Vol XXII (Part 1), No. 1, 
April 5, 1937 



26 


Zoologica: New York Zoological Society 


[XXVII: 5 



Tt ML M/LL t ' F CONl'S 


la) 



(b) 


Text-fig’. 3. a. Oscillographic trace of the elec¬ 
tric discharge of Torpedo occidentalm. b. Oscil¬ 
lographic trace of the discharge of Electro- 
jihonis elect new*. 

traces were obtained of the discharge of 
one of the two specimens observed at Point 
Lookout. Text-fig. 3 fa) was drawn from 
one of these: 1(b), shown for comparison, 
was made from a photographic trace pro¬ 
duced by the electric eel. In copying from 
the photographs, the time scale was made 
the same for the two figures. The scales of 
voltage are different between the two, hav¬ 
ing been so chosen as to make both peaks 
of the same height. It is apparent that the 
duration of the discharge of the torpedo was 
longer than that of the discharge of the 
electric eel. But it should be repeated that 
the discharge shown for Torpedo is that of 
a specimen in poor condition. 

The electric organs of Torpedo occiden¬ 
tal is, like the large organs of the electric 
eel, throw off discharges in trains, the sepa¬ 
rate discharges following one another at an 
interval of a millisecond or so. With the 
specimen first observed there were more 
discharges in one train than the three, four, 
or five commonly observed with the electric 
eel. Without a photographic record, it can 
not be said just how many there were. Prob¬ 


ably there were at least a dozen in the aver¬ 
age train. The photographic traces obtained 
at Point Lookout, perhaps because of the 
poor condition of the specimen, showed 
fewer discharges to the train than were 
observed with the first specimen. 

The observed regularity of the discharges 
within a train and in successive trains sug¬ 
gested that the same quantity of tissue was 
active in each discharge, and it is natural 
to suppose that the entire organ connected 
to the oscillograph was active together. 
Also it was possible to show plainly that 
the right and left organs discharged sim¬ 
ultaneously. The method used was that 
employed before to measure the time lag 
between the discharge in anterior and pos¬ 
terior portions of the large organs of the 
electric eel, and it had been described else¬ 
where. J One of the vertically deflecting 
plates in the oscillograph tube being lomed 
to one of the horizontally deflecting plates, 
their junction was connected to a large sheet 
of metal on which the torpedo rested, the 
ventral surfaces of both organs being o\er 
the plate. Two smaller sheets, some distance 
apart on the dorsal surface of the fish, cov¬ 
ered the two organs on that surface. These 
two sheets were connected respectively to 
the other two deflecting plates of the oscillo¬ 
graph tube, so that the discharge of the 
organ on one side would produce a vertical 
deflection and that on the other side a hori¬ 
zontal deflection. (Strictly speaking, the dis¬ 
charge on one side would produce a nearly 
vertical, that on the other a nearly horizon¬ 
tal, deflection, the complete separation of 
the two deflections being prevented by leak 
age of the current across the body of the 
fish from one side to the other. An auxiliary 
observation, in which one sheet was over the 
organ on one side while the other was over 
non-electric tissue, was used to estimate the 
possible effect of this leakage). Both organs 
discharging exactly together would produce 
equal vertical and horizontal deflections, and 
thus would combine to make an oscillo¬ 
graphic trace along a straight line at 45 
degrees with either the vertical or the hori¬ 
zontal direction. A small time lag between 
the discharges of the two organs would 
change the trace into a loop, the width of 
the loop being greater the greater the time 
lag. Actually the trace appeared simply as 
a straight line. Had there been a time lag as 
great as .0001 sec. it should have been de- 
tectible by this method. 

Some muscular activity accompanies the 
discharge of Torpedo occidcntalix. The fish, 
which is flat and roughly disk-like in shape, 
showed distinct tremors around the periph- 

a Coates. C. W , R T Cox, W. A Koacnblith. and M 
Vertner Brown Propagation of the Electric Impulse 
Alonp: the Orprans of the Electric Eel, lHrctiophcnu\ th< 
tru u v (Linnaeub'l, Aooloqua, Vol. XXV (Part 2), Ni> 

July 3, 1940 
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Text-fig:. 2. Diagram of the electric circuit 
for the measurement of the peak voltage of the 
discharge. 

ery of the body when the discharge occurred, 
although it is not certain whether these 
were directly before or during the train of 
discharges. This activity caused the margins 
of the wings to curl upward, sometimes 
more than 10 cm. from the surface on which 
the fish was lying. During a long series 
of discharges these margins were raised 
throughout the period with accompanying 
tremors starting from the thick central 


region of the body and spreading outward 
to the periphery. 

With the electric eel, no muscular activity, 
or at least none comparable to this in extent, 
accompanies the discharge. 

The circuit used in the measurements 
made on the first specimen is shown in 
Text-fig. 2. The fish rested on a metal sheet 
S,, which was at ground potential. The wet 
ventral surface made good electric contact 
with this sheet. The smaller sheet Sj was 
shaped to cover the dorsal surface of the 
electric organ on one side of the fish, firm 
pressure and moisture making good electric 
contact here also. These electrodes were con¬ 
nected to the oscillograph, so that the volt¬ 
age between them could be measured. By 
closing the switch K the variable resistance 
R could be connected across the organ so as 
to draw a current during its discharge. The 
resistance R being known and the potential 
difference V at the peak of the discharge 
being measured, then by Ohm's law the cur- 



Text-fig. 3. Graph of peak voltage V against 
peak current I. 
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rent I at the peak of the discharge is given 
by the equation 

Vrr IR 

Also the peak power P supplied by the elec¬ 
tric organ to the resistance is given by 
P ~ VI 

One set of measurements completed be¬ 
fore the fish showed signs of fatigue, is 
given in Table I below. 

Table I. 

Peak Voltage, Current and Power with 
Various Resistances. 


R 

V 

I 

P 

ohms 

volts 

amperes 

watts 

00 '■ 

220 

0 

0 

370 

230 

0.G 

140 

100 

210 

2.1 

440 

50 

205 

4.1 

840 

25 

200 

8.0 

1600 

12.5 

170 

13.6 

2310 


* Open < mm it 


That these data are not precise is clear 
enough from the fact that the peak voltage 
on open circuit was observed as less than 
that across a resistance of 870 ohms. Such 
irregularities are caused both by the in¬ 
accuracy of the observation and the vari¬ 
ability of the fish. 

It will be noticed that the power rises 
with falling resistance over all the range of 
the observations. The reason for this is that 
without prior experience with the species 
we failed to provide calibrated resistances 
low enough to develop the maximum power 



Text fig. 4. Graph of peak power P against 
peak current I. 


of the discharge. But some inference beyond 
the observations may be made, as is illus¬ 
trated in Text-figs. 3 and 4. 

In Text-fig. 3 the values of V and I 
from Table I have been plotted and a 
straight line has been drawn among the 
plotted points. This construction may be 
justified by Ohm's law, and it is supported 
by many observations we have made on elec¬ 
tric fish of other species. Values of V and 1 
taken from this graph were used to compute 
the power P for the graph shown in 4, in 
which the plotted points again represent 
values from Table 1. 

The greatest current of which the organ 
is capable would be obtained by a complete 
short circuit, that is, by having R, and hence 
also V and P, practically zero. According to 
the graphs this current is GO amperes. It is 
clear from the figures that the extrapolation 
is doubtful, since this value of the current 
is more than four times the highest reached 
in the observations. Probably, however, the 
organ is capable of a current of at least this 
order of magnitude. This does not mean 
that so great a current is normal to the fish. 
It is probable that the organ discharging in 
sea water carries something like half of its 
maximum current, since that would be the 
condition for the greatest release of power 
in the water. 

For the maximum power Text-fig. 4 gives 
a \alue a little more than 3 kilowatts. 
The extrapolation here is more trustworthy 
than that for the maximum current, since 
this pow r er is only 30 per cent, higher than 
the highest observed. Since the tw r o electric 
organs discharge together, we have G kilo¬ 
watts or about <8 horsepower as the electric 
power of both organs at the peak of the dis¬ 
charge. Of course it must not he overlooked 
that this is the peak power, and the average 
power, even during the discharge, would 
probably be some 25 or 30 per cent, of this. 
The average during a train of discharges 
w'ould again be less than the average during 
one discharge, and w r ould probably be 500 
to 3,000 watts for both organs. Finally it 
should be noted that the trains of discharges 
do not appear to be given often. 

The cross-sectional area of the organ on 
either side, in a plane parallel to the ventral 
surface, was about 250 square centimeters. 
The current was in a direction perpendicu¬ 
lar to this plane, and its value for maximum 
power was, as shown above, about 30 am¬ 
peres. Hence the current density at maxi¬ 
mum power was about 0.12 ampere per 
square centimeter. 

The mass of the organ on each side was 
about 2,000 grams. The maximum power 
released outside the organ being 3,000 watts, 
the maximum power per gram of the organ 
must have had an instantaneous value 
around 1.5 watts or one-third of a calorie 
per second. 
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The Ampulicidae and Sphecidae (Sphecinae) Taken at Kartabo 
and Other Localities in British Guiana. 

(Hymenoptera) 

H. T. Fernald. 


(During the eight years of occupancy, by 
the Department of Tropical Research, of the 
New York Zoological Society’s Station at 
Kartabo, British Guiana, extensive collec¬ 
tions of insects were made. Most of these 
were taken in the quarter-mile area under 
intensive study—what may be called the 
Guiana Junglezone. Details and a general 
summary of this area may be found in 
“Studies of a Tropical Jungle,” Zoolog ica, 
Vol. VI, No. 1.) 

Introduction. 

The insects treated of in this paper were 
collected in British Guiana by members of 
the Tropical Research Station, New York 
Zoological Society, mainly at or near Kar¬ 
tabo. A few were taken at Arakaka on the 
Barima River in northern British Guiana; 
others at Mt. Everard on the Waini River; 
at Wismar on the west bank of the Deme- 
rara River; at Waratuk on the Potaro River 
below Kaieteur Falls; and at Lama Stopoff, 
just east of Georgetown. 

While the Ampulicidae are few in number 
it is interesting to note that both species, 
described by Kohl, do not appear to have 
been recorded since, so far as literature 
available to the writer shows. 

In the Sphecinae all four tribes are repre¬ 
sented and as usual for tropical regions, the 
Chlorionini are the most abundant. That 
only four specimens of Sphecini are present 
is a little surprising as several others are 
liable to occur in this region. 

Only one of three species of Seeliphron 
from this part of South America is repre¬ 
sented, but twelve specimens indicate its 
abundance. No doubt further collecting in 
the northern and central portions of British 
Guiana will show the presence of other 
species of all the groups included in this 
paper. 

1 Contribution No. (>35, Department of Tropical Re¬ 
search, New York Zoological Society. 


Family Ampulicidae. 

Ampulex Jurine. 

Jurine, 1807. Nouv. meth. de class, les 
Hymen., PI. 14, p. 132. 

Ampulex sagax Kohl. 

Kohl, 1893. Ann . des k.k. natvrhist. Hof - 
mus. Wien , Vol. VIII, Hefts 3 & 4, pp. 477, 
480. 

Two female specimens, one from Kartabo, 
28 V-1924; the other 24978 only. The only 
reference to this species is the original de¬ 
scription where no locality is given. Kohl 
writes that he considers it a tropical species. 

4mpulex minor Kohl. 

Kohl, 1893. Ann. den k.k. naturhist. Hof - 
mus. Wien , Vol. VIII, Hefts 3 & 4, p. 480. 

One female from Kartabo, 21-V-I924. 
The only other reference is by Kohl whose 
specimen came from Brazil. 

Family Sphecidae. 

Subfamily Sphecinae. 

For many years this group was rated as 
a family but it has now been reduced to 
subfamily rank along with other former 
families. 

The Sphecinae are divided into four 
tribes, the Podiini, Seeliphronini, Chlorio¬ 
nini and Sphecini. All four of these tribes 
are represented in this collection. 

Tribe Podiini. 

Podium Fabrieius. 

Fabrieius, 1804. Syst. Piez., p. 183. 

Podium (Dynatus) nigripes Westwood. 

Westwood, 1832. Griff. Anim. Kingd., 
Vol. XV, p. 516, fig. 3. (Dynatus). 

One female, Kartabo, 29-III-1924. This 
species occurs from Mexico to Argentina. 
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Podium (Trigonopsis) abdominale 

Perty. 

Perty, 1833. Delect, anim. artic. Brasil, 
p. 142, PI. 27, fig. 18. (Trigonopsis ). 

Three specimens: one male from Kartabo, 
9 VI-1924; a female, also from Kartabo, 
5-IV-1922 and a female variety from 
Bartiea District, 6-V-1922. This species is 
found from Guatemala to Brazil and Peru. 

Podium brevicolle Kohl? 

Kohl, 1902. Abhandl. d. k.k. zool-botan. 
Ges. Wmi, Vol. I, Heft 1, p. 62. 

One male specimen, probably of this spe¬ 
cies, taken at Kartabo and labelled “Peach 
killer.” This species is found from Mexico 
to Brazil. 

Podium gorianum Lepeletier. 

Lepeletier, 1845. Hist. nat. Ins., Hym., 
Vol. Ill, p. 324. 

Sixteen specimens, all females; eleven 
from Kartabo, 23-VIII-1920; 21-VII-1922; 
29-V, 3-VI, 11-V1, 15- VI, 28-VI, 1924 ; 
No. 22414; and two undated; Bartiea Dis¬ 
trict, 1, 2, and 3-V1-1924; 174; two without 
data. This species has been taken from 
Surinam to Brazil (Para). 

Tribe Sceliphronini. 

In this tribe only the genus Scelipluon is 
represented and that by only one species. 

Sceliphron Klug. 

King, 1801. Nut Sch tiff. Gi, s. nat inf. Fi 
Berlin, Vol. Ill, p. 561. 

Sceliphron jistulare Dahlbom. 

Dahlbom, 1843. Hym. Eur., Vol. I, p. 22, 
no. 8. (Pelopoens ). 

Twelve specimens, all females; Kartabo, 
1919, 63, 20-VII -1922; 8, 4; No. 20859; 
Kalacoon, 1916 (2); Arakaka, 21-XII-1922 
(2); Lama Stopoff, 14-X-1917; Kartabo, 
Hym.; no data, one specimen. This species 
is present in the neotropical region from 
Mexico to Paraguay (Argentina?). 

Tribe Chlorionini. 

This is the most abundantly represented 
tribe of the subfamily. Five divisions of the 
group, rated by some workers as genera, by 
others as subgenera, are recognized. The 
writer treats them here as subgenera, three 
of which are represented in this collection. 

Chlorion Latreille. 

Latreille, 1802. Hist. nat. Crust. & Ins., 
Vol. Ill, p. 333. 

Subgenus Priononyx Dahlbom. 

Dahlbom, 1845. Hym. Eur., Vol. I, p. 
439, No. 14. 


Chlorion (Priononyx) striatum Smith. 

Smith, 1856. Cat. Hym. Brit. Mus., Vol. 
IV, p. 266. ( Priononyx ). 

One female specimen taken at Kartabo, 
IV-3-1926. Distribution — Nevada?; Ari¬ 
zona to Argentina. 

Subgenus Isodontia Patton. 

Patton, 1880. Proc. Bost. Soc. Nat . Hist , 
Vol. XX, p. 380. 

Chlorion (Isodontia) costipennis 

Spinola. 

Spinola, 1851. Mem . Acad . Sc. Ton no, 
Vol. XIII, p. 54, No. 35. ( Sphcx ). 

Four males and eight females. Males: 
Kartabo, 6-X 1921, 6 -VI-1924; Mt. Evei- 
ard, 15-X1-1922; Arakaka, 2-XII-1922; 
Females: Kartabo, 2-1V-1924, 3-VI 1924, 
3-VT1-1924; Bartiea District, 20-IX-1917 
(2); Penal Settlement; W. Bank Dem. R. 
5-1-1923; Mt. Everard, 15-XI-1922. Distri¬ 
bution—Santo Domingo; Mexico to Brazil. 

Chlorion (Isodontia) dolosum Kohl 

Kohl, 1895. Ann. dts. h.k . nut in h. Hof 
mus., Vol. X, Heft 1, p. 49. 

Two female specimens taken at Kartabo, 
21-V and 1--VI- 1924. 

From the literature available these speci¬ 
mens seem to be the only examples of this 
species captured since the one described b\ 
Kohl, recorded as from French Guiana, and 
they vary somewhat from his description 
In one specimen the legs and petiole are 
entirely black, while in the other they arc 
partly red. The abdomen, though parti} 
red, has dark shades here and there, and 
the black hairs on the clypeus are large and 
almost bristle-like; elsewhere they are yel¬ 
lowish, almost golden in places. 

These insects, while for the most part 
Isodontian in character, also possess some 
features like Ammobia . In one specimen 
there is an evident stigmatal groove and the 
petiole is shorter and straighter than in 
most Isodontias. There seems to be what 
may be considered a rudimentary tarsal 
comb of seven short, stout spines much like 
those present in Ch. (Isodontia) aztccum 
to which this species also seems to be most 
closely related in general by its stout struc¬ 
ture and petiole length. The form of the 
second cubital cell and the distance apart on 
the radial vein of the second and third 
transverse cubital veins compared with that 
between the second transverse cubital and 
the second recurrent veins on the cubital 
vein are typically Isodontian. Also the jaws 
do not each reach to the base of the othei 
when closed, the two teeth being short. 

This species may fairly be placed at me 
end of the series of Isodontia species, near¬ 
est to Ch. (Isodontia) aztecum on the one 
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hand and to C/i. ( Ammobia) species on the 
other, much as Ck. ( Ammobia ) lucae is re¬ 
lated to the other Ammobias. Kohl's speci¬ 
men was recorded as from French Guiana. 

Subgenus Ammobia Billberg. 

Chlorion (Ammobia) brasilianum 

Sauss. 

Saussure, 1867. Reise d. Novara, Zool., 
Vol. II, p. 39. 

Four female specimens: Kalacoon, 1916, 
Hvm. 25; W. Bank Dem. R., 9-11-1923; 
Waratuk, 16-11-1921; 29-IV-1924. This 
species occurs from Guatemala to Brazil. 

Chlorion (Ammobia) melanopum 

Dahlbom. 

Dahlbom, 1843. Hym. Eur., Vol. I, p. 27. 

Hle\en male specimens, taken at Kartabo, 
29 11-1921; l -III—1924; 10-V-1924; 24- 
V- 1924; Trop. Research Station, New York 
Zool. Soe., No. 20900; No. 20550; Bartica, 
27-V-1924 (2); Arakaka, 21-XII-1922 

(2>; one with no data. Reported from 
Brazil, only, heretofore. 

Chlorion (Ammobia) funestutn Kohl. 

Kohl. 1890. Arm. den k.Jc. vat m hist. Hof - 
mio. Wun, Vol. 5, Heft 3, p. 397. 

Nine females represent this species in the 
collection. They were taken at Arakaka, 
20 XU-1922; 21 XII 1922 (2); Trop. Re- 
search Station, New York Zool. Soe., No. 
20960; Kartabo, 5-XI-1920; W. Bank Dem. 
U, 9 11-1923 and 29-IIM924. It has been 
leported from Brazil. 

Chlorion (Ammobia) neolropicum 

Kohl.? 

Kohl, 1890, Atm. d<s k.k. vatiohisi. Hof - 
mu*. Win }, Vol. V, Heft 3, p. 222. 

1 have doubtfully referred four female 
specimens in this collection to this species 
as thev more nearly agree with it than with 
am other. 

Kalacoon, 1916, Bartica Dist., Br. Guiana, 
H\ m. 71: Trop. Research Station, New York 
Zool. Soe., No. 21109; two without data. 
This species has been captured m Brazil, 

Chlorion ( immohia) singular is Smith. 

Smith, 1856. Cat. Hym. Tns. Brit. Mus., 
Vol. IV, p. 261. (Sphex). 

Two males and three females. Males: 
Kartabo, 1922; 1917 Penal Settlement Hym. 
222; Females: Kartabo, 1922: Arakaka, 
21-XII-1922 (2). 

Distribution—Southern U. S.; West In¬ 
dies; Mexico to Brazil. 

In this interesting species the males may 
be entirely black with no ferruginous mark¬ 
ings or they have such markings. Their 
presence with females of Cresson’s Ch. 
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(Ammobia) dubitatum of which no certain 
males have been found, together with other 
facts of distribution, etc., makes it almost 
sure that these are the two sexes of singu¬ 
lars . In this lot the males have the fer¬ 
ruginous markings. 

Chlorion (Ammobia) ichneumoneum 

Linnaeus. 

Linnaeus, 1758. Syst. Nat., Ed. X, Vol. 1, 
p. 578, No. 27. (Apis). 

The thirteen specimens in this collection 
are as follows. Male: Kartabo, 23-V-1924; 
Females; Kartabo, 201266, 201285, 21106, 
12-V, 18-IV-1919; Bartica District, 28 -V- 
1924 (2), 30-V-1924, 4-VI-1924, Hym. 125; 
two with no dates. 

This widely dispersed and variable species 
is found in its typical form in the United 
States. Farther south, increase of the fer¬ 
ruginous of the petiole and abdomen, a 
darkening of the wings and variation of the 
amount of ferruginous on the legs have been 
recognized as marking varietal forms which 
at Iheir extremes have been named. 

The specimens in this collection are all 
varieties, but none of them has varied to 
such an extent as to become a named variety. 

Distribution- -North, Central and Souih 
America, at least as far as Brazil, with 
varieties in the warmer regions. 

Tribe Sphecini. 

Sphex Linnaeus. 

Linnaeus, 1758. Syst. Nat., Ed. X, Vol. 1, 
p. 569. 

The insects of this genus were for many 
years called Ammoplula . 

Sphex abbreviatus Fab. 

Eabrici us, 1804. Syst. Piez., p. 204. 
(Pt lopot vs ). 

Five specimens of this species are in the 
collection. Males: Kartabo, No. 20700, 
201283, W. Bank Dem. R., 5-1-1923, 1917 
Penal Settlement, Hym. 28; Female: Karta¬ 
bo, No. 20699. 

This species occurs from Central Amer¬ 
ica to Brazil. 

Sphex melanarius Dahlb. 

Dahlbom, 1843. Hym. Eur., Vol. I, p. 15. 
(Am muphila). 

One male, Kartabo, ll-VI-1924. Distri¬ 
bution—South America; Brazil. 

Sphex muticus Dahlb. 

Dahdbom, 1845. Hym. Eur., Vol. I, p. 431. 
(Am mo phi la >. 

Two specimens. Male: Kalacoon, 1916, 
Hym. 300; Female: Kartabo, 29-III-1924. 
This species is reported from Brazil. 
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Sphex opulentus Guerin. tion by five specimens. Male: Kartabo, No. 

Guerin, Duperry, 1830. Voy. Coquille, 201135, 23-XI-20; Females: Kartabo, 1922; 
Zool., Vol. II, P. 2, p. 261. (Ammophila) . No. 201135, 23-X1-1929; 120. It has been 
This large species, widely distributed in recorded from Colombia to Paraguay, at 
South America, is represented in this collec- least. 
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A Resume of Mexican Snakes of the Genus Tantilla. 

Hobart M. Smith 


Thirty-six species of Tantilla have been 
described or recorded (including the present 
article) from North America (with Mex¬ 
ico). Five of these have been synonymized 
with others ( blmaculata with calamarina, 
houlcngcri with miniata , hallo welli with 
gracilis, kiniin and praeocala with fnmi - 
reps). Of the remaining thirty-one, four 
may be eliminated as not belonging to Tan¬ 
tilla. T. livtoni and hrevissima have been 
separated from this genus elsewhere ( placed 
m Tantillita). Tantilla (Upressa is a syno¬ 
nym of Geagras redim it us. 

Tantilla ndsoni Slevin (Proc. Calif. Acad. 
Sri ser. 4, vol. 15, 192(>, pp. 200-201, Maria 
Madre Island, Nayarit, Mexico) is certainly 
not of this genus, differing from all other 
Tantilla in the possession of an undivided 
anal, entire nasal, 1-2 temporals, and white 
bands completely encircling a black body 
and tail. This combination of characters, 
together with absence of a loreal, and 
smooth scales in 15 rows, is unique in 
snakes, so far as I can determine. Accord¬ 
ingly, for this species 1 propose the generic 
name KxiU ncopfus J 

The twentv-se\en remaining North Ameri¬ 
can species belong to the major species 
groups. These may be further subdivided, 
forming nine groups, some of which ma> 
again be subdivided. The ultimate process of 
subdivision into the smallest practical super¬ 
specific groups reveals fourteen divisions, as 
shown in the accompany ing diagram. The 
characters of the groups and subdivisions 
follow. 
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1 An »*ffort wan math* to inventwato mort fully the char- 
Jieters of this curinun species, but Dr. Slevin informs me 
that th«‘ type and only example known is lost. 
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pa quia 


I Helly black; collar very broad. 

II Large bodied; ventrals not i educed; head 
not conical; lined. 

b. Dark middorsal line; secondary tempo¬ 
ral seal e-like. 

2. Nuchal collar near parietal. 

3. Collar if present on posterior part of 
neck. 

c. Light lined; secondary temporal elon¬ 
gate. 

111. Collared; body form as in II; not lined. 

d. Secondary temporal elongate. 

5. Back dark.shat ply difTerentiatedfi om 
ventral color. 

d. Back dark or light but not sharply 
differentiated from ventral color. 

7. Posterior border of collar ver> nar¬ 
row; black of head not emaiginate 
behind eye. 

e. Second temporal scale-like, broad or 
long. 

TV. Head conical; no collar; ventrals reduced; 
body short; temporal single or secondary 
temporal scale like. 

f. Supralabials normal, seven. 

g. Supralabials reduced, six. 

10. Lined (three dark). 

11. Not lined. 
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V. Light above; collar absent or poorly defined. 

h. Black head cap pointed behind; no evi¬ 
dence of a collar. 

i. Black head cap straight edged posteri¬ 
orly, a collar. 

13. Head cap extending 2-4 scales be¬ 
hind head, also below angle of mouth. 

14. Head cap extending 1-2 scales be¬ 
hind head, not to angle of mouth. 

1 am indebted to Dr. Thomas Harbour, 
Mr. Benjamin Shreve. Dr. Joseph R. Slevin 
and Dr. E. II. Taylor for loan of specimens 
and other assistance. A number of specimens 
were secured (including types of wilcoxi 
rubricated , and the entire study was com¬ 
pleted, during tenure of the Walter Rath- 
bone Bacon Traveling Scholarship. 

Only diagnoses of Mexican species are 
given in the following. For diagnoses of 
United States species not here included, see 
Blanchard's synopsis (ZooL Scr. Field Mas. 
Nat . Hist., vol. 20, 1938, pp. 309-376). 

Tnntilla atriceps (Gunther). 

Hmnalocrauinm atriceps Gunther, Biol. Contr. 

Anier., Kept., 1895, p. 146, pi. 52, fig. B. 
Tantilla utneeps Amaral, Mem. Inst. Butantan, 

vol. 4, 1929, p. 218. 

Type Locality. Nuevo Leon, Mexico. 

Diagnosis. Body generally light above and 
below; a dark brown head cap, truncate pos¬ 
teriorly, extending one or one and a half 
scale lengths posterior to parietals: cap not 
extending below angle of mouth; a faint 
light collar covering about one scale length, 
not bordered posteriorly by a distinct black 
line; seven upper and lower labials; one 
preocular; two or rarely one postoculars; 
two elongate temporals, separating labials 
and parietal; prof rentals and labials sepa¬ 
rated; mental in contact with chinshields, 
rarely not (type); ventrals 123 to 158; 
caudals 55 to 70 (males 54 to 70, females 
51 to 64). 

Mexican Localities. Nuevo Leon (types, 
Brit. Mus.); 4 miles west of Saltillo, (\>a- 
huila (EHT-HMS 4555) ; 102 kilometers 
north of San Luis Potosi (E11T-IIMS 
23474-5). 

Specimens Examined. Eight. 

lit marks. Through the courtesy of Dr. 
Howard K. Gloyd I have been enabled to ex¬ 
amine data on 50 specimens not seen by me, 
data for which were recorded by Dr. F. N. 
Blanchard. These show the existence of a 
great amount of variation in number of 
postoculars, ventrals and caudals. While 
variation in number of postoculars does not 
seem to have geographic correlation, the 
variations in ventral and caudal counts do 
have. The range of variation in ventral 
counts in males is 123 to 149; in females, 
138 to 158. A comparison with the table of 


variation given by Blanchard (op. cif. t p. 
376) yields interesting results. In the nine 
forms (other than atriceps) listed by him, 
the maximum range of variation in males is 
14, in females 23 (by error?). Since errors 
in determination of sex frequently occur in 
these small snakes, more significant is the 
range of both sexes combined; in atriceps it 
is 36, but in other forms it docs not exceed 
27. Most closely comparable to the range of 
variation in atriceps is that of coronata (in¬ 
cluding wagneri ), which has range of 30. 
T . atriceps , having higher average counts 
than coronata , could be expected to have a 
greater range of variation, and does. Ac¬ 
cordingly, the existence of two forms in 
atriceps is very strongly indicated. Unfor¬ 
tunately differentiation in ventral counts in 
atriceps is not accompanied by differences in 
color, as in coronata, nor is the area of inter- 
gradation between the two extremes of ven¬ 
tral counts as well defined in atriceps as in 
the latter. 

The species rather obviously is in the 
process of either differentiation of two in¬ 
cipient subspecies (species), or of assimila¬ 
tion of two previously distinct species. It is 
difficult to know into which category at i ice ps 
should he placed. While the specimens from 
extremes of the range are easily distin¬ 
guished, the character of the species in the 
broad area between (including northern 
Coahuila, western Texas) is not known ex¬ 
cept from a series from a single local it.\ 
(Uhisos Mts.). These exhibit no great range 
of variation (20, both sexes), but unfor¬ 
tunately straddle the middle of the range of 
counts for the whole species, so that some 
are very typical of Mexican specimens, 
others (the majority) typical of Arizona 
specimens (range 132 to 151). While it ad¬ 
mittedly remains possible that two sub¬ 
species may be satisfactorily distinguished 
when larger series from more numerous lo¬ 
calities are available, it does not seem prac¬ 
tical to attempt subdivision of the species at 
present. 

Tantilla bocourti (Gunther). 

Ifonuilocrnninni boconrfi Gunther, Biol. Genii* 

Anier., Kept., 1895, p. 149. 

Type Locality. Guanajuato. 

Diagnosis. Light above and below (young 
may be darker above, but this color shading 
into white of ventral surface) ; head black 
or dark brown above; first and fifth labials, 
and lower parts of other labials (except 
seventh) white; internasals white; a w r hite 
nuchal collar covering one and one half scab; 
lengths on nape, usually not involving tips of 
parietals, but bordering them; nuchal col¬ 
lar divided on midline or not; collar dark 
bordered posteriorly by an area one scale in 
length or less; seven upper and lowei 
labials; one preocular; two postoculars; two 
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temporals, the anterior elongate and in con¬ 
tact with postoculars, the posterior about as 
broad as long, scale-like; prefrontal sepa¬ 
rated from labials; first lower labials in con¬ 
tact medially, occasionally not; ventrals 164 
to 185 (195?) ; caudals 46 to 61. 

Mexican Localities. Known from the 
states of Jalisco (Magdalena, Guadalajara), 
Morelos (Cuernavaca, 8 kilometers north¬ 
east of Cuernavaca), Guanajuato (Guana¬ 
juato), Distrito Federal, Veracruz (Mira- 
dor), Guerrero (Omilteme), Puebla (22 
kilometers north of Tehuaean, 10 miles 
northeast of Tehuaean), Michoacan (4 
miles east of Tuxpam, between Zitaeuaro 
and Rio Tuxpam). 

Specimens Examined. Thirty-one. 

R( marks. As pointed out by Taylor & 
Smith {Unn\ Kans. Sci. Bull., vol. 25, 1939, 
p. 254), there is a discernible difference be¬ 
tween eastern and western specimens in 
\entral, caudal and total counts. These indi¬ 
cated that two races are recognizable. How¬ 
ever, further material has not borne out 
these supposed differences, but has shown 
that too great an overlap exists to permit 
separation. The counts are compared below. 


Specimens Examined. Six. 

Remarks. This is related to martindel- 
campoi , which also has a dark-lined pattern, 
one temporal, degenerate head scales (fu¬ 
sion), and few ventrals and caudals. On the 
s basis of lined pattern, deppei belongs with 
this group, but it has normal head scales. 

Tanlilla canula Cope. 

Tantilla canula ("ope, Joutn. Acad. Eat. Set. 

Phi la., ser. 2, vol. 8, 1876, p. 144. 

Type Locality. Yucatan. 

Diagnosis, Body light gray above, stip¬ 
pled, white below; a middorsal light streak, 
not well defined; head reticulated, top 
lighter than sides; seven upper and seven 
lower labials; one preocular, two postocu¬ 
lars; two temporals, the anterior broad and 
scale-like (nearly as broad as long), the sec¬ 
ondary more elongate; labials separated 
from parietals or not; prefrontals and la¬ 
bial separated; mental and chinshields in 
contact or not; ventrals 105 to 11 4, caudals 
36 to 43. 

Mexican Localities. Several specimens 
bear the locality datum “Yucatan.” The only 
definite record is from Chichen Itza. 



I western 

Ventrals 

165 180(11) 

Caudals 

52 -65(11) 

Totals 
219- 244(11) 

males < 


1 eastern 

1 04- 170 ( 1 > 

48-57(1) 

221-228(4) 


1 western 

109-1 SO(12) 

10-59(12) 

225-229(12) 

females 


1 eastern 

166-173 ( 1) 

40 52(1) 

210-221(4) 


Tanlilla calamarina Cope. 

Tantilla cafamanna ('ope. Pi or. Acad. Xaf. Sci. 

Phda., 1866, p. 320. 

Tantilla hi macula ta Cope, Jaunt. Acad. Eat. 

Sri. Phda., ser. 2, vol. 7, 1875, p. 1 13 (Mazat- 

hm, Sinaloa). 

Typi Locality. Guadalajara, Jalisco. 

Diagnosis. Body light gray above, white 
below; three dark dorsal lines, the median 
spreading over most of top of head; lateral 
stripes on adjacent halves of third and 
fourth scale rows, extending onto head and 
not uniting with median dark area on head; 
six upper, six or seven lower labials; one 
preocular (rarely extremely minute and pre¬ 
frontal entering eye), one post ocular; one 
elongate temporal, in contact or not with 
postocular; prefrontals and labials sepa¬ 
rated or not; mental and chinshields in con¬ 
tact; ventrals 119 to 132; caudals 27 to 35. 

Mexican Localities. Known from the 
states of Colima (Colima, Queseria, Teco- 
man), Distrito Federal (Santa Fe), Jalisco 
(Guadalajara), Morelos (4 miles south and 
8 kilometers east of Cuernavaca), Nayarit 
(Sierra de Nayarit, San Bias, El Orotillo). 
Puebla (Teziutlan) and Sinaloa (Mazatlan). 


Spi cim* ns E.\ a m iiu d. Four. 

Rnnaiks. As indicated by body form, 
shape of head, and low number of ventrals 
and caudals, the species appears to be re¬ 
lated to calamarina and its allies. It is con¬ 
siderably different from the latter group in 
having the normal quota of head shields. It 
shows a great similarity to vennifonnis of 
Central America. 

Tantilla cuniculator Smith. 

Tantilla mocsta cuniculator Smith, Zool. Ser. 

Field Mas. Nat. Hist., vol. 24, 1939, pp. 32-34. 

Typi Locality. Merida, Yucatan. 

Diagnosis. Dark above, white below; a 
dark lateral area sharply differentiated from 
a somewhat lighter middorsal color and 
from white ventral surface; nuchal collar 
involving posterior tip of parietals; a very 
dim dorsolateral light stripe between lateral 
and dorsal areas; seven upper and lower la¬ 
bials; one preocular; two p>sioctilars; two 
temporals, elongate, the anterior in contact 
with postoculars; prefrontals separated 
from labials; mental in contact with chin¬ 
shields or not; ventrals 140 to 154; caudals 
49 to 53. 
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Mexican Localities . Known only from the 
type locality. 

Specimens Examined. One. 

Remarks. This species may be related to 
ph renit ica , with which its counts, and some 
details of coloration, compare well. 

Tantilla deppei (Bocourt). 

Homalocranion deppei Bocourt, Miss. Sci. Mox., 

Kept., 1883, pp. 584 585, pi. 36, fig. 11. 
Homalocranium deppei Gunther, Biol. Centr. 

Amor., Ropt., 1895, p. 151. 

Homalocranium miniatum Boulenger (nec 

Tope), Cat. Snakes Brit. Mus., vol. 3, 1896, 

p. 222. 

Type Locality. Mexico. 

Diagnosis. Pale brown, with a median and 
two lateral dark lines; a nuchal collar, com¬ 
plete except medially; ventral surface 
white; seven upper and lower labials; one 
preocular; two postoculars; two temporals 
separating labials from parietals, the sec¬ 
ondary perhaps scale-like (see Bocourt’s 
tig.); prefrontals and labials separated; 
mental in contact with chinshiekls; ventrals 
147 to 152, caudals 55. 

Mexican Localities. Known only from 
“southern Mexico.” 

Specimens Examined. None. 

Remarks. The relationships of this form 
are difficult to determine. The lined pattern 
is suggestive of the calannn ina group, but 
the scutellation and body form are different 
in all important respects. It most closely 
agrees with the vielanoc(phala group, in¬ 
cluding mrxicava and arm ilia fa. The small 
posterior temporal corresponds with this ar¬ 
rangement, but there is a nuchal collar, 
which does not occur in other members of 
the group (with a posterior neck collar). 

Tnntilln deviatrix Barbour. 

Tantilla denatiir Barbour, Pioc. find. $<k * 

Wash., vol. 29, 1916, p. 94. 

Type Locality. San Luis Potosi. San Luis 
Polos i. 

Diagnosis. Body light above and below, 
stippled above (said to be reddish in life) ; 
top of head light brown anteriorly, becom¬ 
ing black posteriorly; a white nuchal collar, 
involving tips of parietals, covering about 
two scale lengths, followed by a black border 
of about equal size; head cap extending 
laterally only to upper part of last labial, not 
reaching labial border posteriorly; upper la¬ 
bials white, sharply differentiated from 
dorsal color; an indentation of head cap be¬ 
hind eye, reaching to lower edge of upper 
preocular; seven upper and lower labials; 
one preocular; two postoculars; temporals 
elongate, the anterior in contact with post¬ 
oculars; prefrontals and labials separated; 


mental and chinshields separated; ventrals 
154 to 160; caudals 68 to 66. 

Mexican Localities. The type locality and 
Alvarez, San Luis Potosi. 

Specimens Examined. One. 

Remarks. This species is well differen¬ 
tiated from bocourti by the elongate sec¬ 
ondary temporal. From wilcoxi it differs in 
the mental character (touching chinshields 
in wilcoxi ), greater width of posterior black 
border of nuchal collar (one scale length or 
less in wilcoxi ) ; and in various features of 
the coloration and the sides of the head. 

Tantilla hohartsmilhi Taylor. 

Tantilla hobartsmithi Taylor, Trans. Rons. 

Acad. Set ., vol. 39, 1937, pp. 340-342, fig. 2. 

Type Locality. La Posa, ten miles north¬ 
west of Guaymas, Sonora. 

Diagnosis. Body light above and below; 
a black cap on head, truncate and straigbt- 
edged posteriorly, extending about one scab 4 
length on nape; black of head not extending 
below angle of mouth onto gular scales; a 
very dim, narrow light collar one scale wide, 
or less, not dark-bordered posterior^ ; a 
fine, but very distinct, middorsal black bin ; 
seven upper and lower labials; one preucu- 
lar; one postocular (probably \aries, one or 
two); anterior temporal relatively broad, 
but longer than broad, in contact with post 
ocular; a secondary and also tertian tem¬ 
poral; prefrontals separated from labials; 
mental separated from chinshields; ventrals 
129, subcaudals 53. 

Me. rican Loral it its. Known only from the 
type locality. 

Sped mens Exa m i n (d. ()ne. 

R(marks. Closely related to atria p'. 
which agrees in most characters of scutel¬ 
lation. and pattern. The latter also oceaMon- 
ally shows a faint middorsal dark line, which 
might appear more obvious (or not) m 
specimens dried as is the type of hohait 
smithi. The latter is tentatively regarded as 
distinct through its possession of three 
temporals and the distinct middorsal blatk 
line, correlated with the fact that no atria ps 
have been collected near its type locality. 
Only further specimens will show whether 
these characters are invariable. 

Tantilla jani (Gunther). 

Homalocranium javi Gunther, Biol. Conti*. 

Amer., Kept., 1895, p. 148, pi. 52, fig. t>. 

Type Locality. Guatemala. 

Diagnosis. Ground color brown; three 
narrow, black-edged white lines, the median 
involving the vertebral scale row, the lateral 
stripes involving adjacent halves of the 
third and fourth scale rows; median stripes 
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sometimes not white, but brown, as ground 
color, but its dark edges evident; a complete 
nuchal collar, about one and one half scale 
rows wide, involving tips of parietals; seven 
labials; one preocular; two postoculars; two 
elongate temporals, anterior broader than 
posterior; ventrals 139 to 154, caudals 40 to 
50 < in 22 specimens). 

Mexican Localities. La Ksperanza, Chi¬ 
apas, and Tapanatepec, Oaxaca. 

Specimen. s* Examined. Twenty-two. 

Remarks. The cotypes are two, one from 
Guatemala, the other from “Hacienda Rosa 
de Jericho, Nicaragua’' (fide Hotel i tiger, Cat. 
Snakes, vol. 3, 1895, p. 221; Gunther says 
Matagalpa). The Nicaragua specimen has 
130 ventrals, and no lateral light stripe, and 
accordingly 1 do not believe it is the same 
as the Guatemala specimen (the one figured 
by Gunther) which I designate lectotype. 
The specimens from Finca El Cipres, Vol- 
can Zunil, Guatemala, reported by Slevin 
( Rto(. Cahf. Acad. Set ser. 4, vol. 23, 1939, 
\). Ill * as / //.see 1 ha\e seen and cannot dif¬ 
ferentiate from the Chiapas and Oaxaca 
spot miens above mentioned. 

i'ompeu isons. The present species may be 
compared with those included by Boulenger 
in mlinenfa and fusca. Since the original 
descriptions indicate that his synonymies 
ot these two an* perhaps not wholly correct, 
jam is compared directly with the original 
dcsi nptions. 

T. fusca Boeourt, 1883 (Guatemala) — 
iimform light brown above, 137 ventrals, 
nion than 31 caudals; Guatemala. Absence 
of ail markings, including collar and longi¬ 
tudinal lines, dot's not describe jani. Bou- 
lenger's description of fa sea says “Brown 
a!»o\t, with or without a light, dark-edged 
lateral lint 1 , with or without a blackish ver¬ 
tebral line; head dark brown or blackish 
eb.*\e, with yellow markings as in T1. 
mt If’tmt t phahnn." This remarkable com¬ 
posite dt'seription is based upon the original 
description of tttsca, two cotypes of jam 
f which apparently represent two species), 
and upon a specimen from Duenas, Guate¬ 
mala (this is the one with a dark vertebral 
stripe) referred by Gunther to anniUafttm . 
but which is not that at all but possibly is 
the same as Gunther’s mt xicana (or is an 
unnamed species). The specimen from Car¬ 
tage, Costa Rica, referred by Boulenger to 
nu lanoccphala, was apparently correctly al¬ 
located with urmillata by Gunther. The lat¬ 
ter differs from South American m via no - 
ct phala at least in ventral counts. 

T. trilineata Peters, 1880 (Guatemala, 
Honduras)--lateral light stripe “running on 
the third scale row”; whole gular region 
apparently pigmented, at least the lower 
labials not heavily nor distinctively pig¬ 


mented; no light internasal spot; ventrals 
145; caudals 41. 

T. taeniata Bocourt, 1883 (Guatemala) — 
median stripe continuous, covering at least 
a full scale width; dark borders not evident, 
nor dotted lines on fifth, sixth and first scale 
rows; lower labials not pigmented; stripes 
said to be half width of interspace (much 
less in jani); 149 ventrals; 68 caudals. 

T. tririttata Muller, 1885 (Guatemala, 
Honduras) —said to have six upper labials.- 
Median stripe one and one-half scale rows 
wide, extending to end of tail; lateral stripes 
to middle of tail. 

The species synonymized by Boulenger 
with rirgata appear more distantly related, 
having the light lines and interspaces of 
about equal width. 

Tantilla martindelcampoi Taylor. 

Tantilla martindelcampoi Taylor, Trans. Kavs . 

Acad. Sci vol. 39, 1937, pp. 347-348, tig. 3. 

Type Locality. El Treinta, Guerrero. 

Diagnosis. Gray, with three broad, dark 
stripes on body and tail, the median one 
and two half scale rows w T ide, spatulate on 
head; lateral stripes on adjacent halves of 
fourth and fifth rows, connecting above eye 
with spatulate median stripe; six upper and 
so\en lower labials; no preocular; one post¬ 
ocular; one elongate temporal, in contact 
with post ocular; prefrontals broadly in con¬ 
tact with labials; mental in contact with 
chmshields; \entrals 111, subeaudals 39. 

Mi recan Localities. Known only from the 
t>pe locality. 

Sjxcimni ,s Examined. Two. 

Remarks. Related to cnlennaiina (see dis¬ 
cussion ). 

Tantilla mexieana (Gunther). 

Elopomoi phus mexicanam Gunthei, A nil. Mao. 

Sat. Hist., soi. 3, vol. 9, 1862, p. 57, pi. 9, 

tig. 1. 

Type Locality. Mexico. 

Diagnosis. Black head cap extending onto 
neck several scale lengths, followed by a 
light ring or a pair of spots; a middorsal 
dark line, and perhaps a lateral also; dorsal 
surface generally brown; dark area on head 
reaching to labial border below eye and at 
the seventh labial; seven upper and lower 
labials; one preocular; two postoculars; two 
temporals, the posterior scale-like (but 


J Houlcmter keys hiluuata with the character of t ijrht 
supralabials, and include* in his synonymy tnhncata (de¬ 
scribed with Hevoni, t.u-uiata (described with seven) and 
tn-ittata (described with six) His only specimen (Ilonaera 
Is , Honduras) was described by Gunther as havinp seven 
supralabials. Specimens I have seen do not indicate the 
basis for such confusion. 
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slightly longer than broad) ; mental sepa¬ 
rated from chinshields; ventrals 158 to 159; 
caudals 44 to 52. 

Mexican Localities . “Mexico.” 

Specimens Examined . None. 

Remarks . Boulenger (Cat. Snakes, vol. 3, 
1896, p. 216) concludes that the type (la¬ 
belled Salle's collection) was not collected 
by Salle and is not from Mexico. There are 
facts, however, which indicate that it may 
actually have come from Mexico. Although 
the ventral count is matched by some South 
American specimens, it is lower than any 
Central American specimen related to mi- 
lanocephala (i.e., armillata ). Another speci¬ 
men from Duenas, Guatemala, referred by 
Boulenger (op. cit., p. 221) to fusca and by 
Gunther to armillata very closely matches 
the characters of mixicana, to which I have 
referred it. There is little doubt that these 
are distinct from armillata , and it is scarcely 
likely that they can be termed the same as 
the geographically distant melavocephala . In 
the absence of specimens in American mu¬ 
seums it is at present impossible to deter¬ 
mine its differential characters. 


Tantilla miniala Cope. 

Tantilla mimator Cope, Proc . Acad. Nat. Sn. 
Phila.y 1863, p. 100. 

Tantilla miniata Cope, Bull. U. S. Nat. Mas., 
no. 32, 1887, p. 84 (corrects spelling of spe¬ 
cific name, which he says was printed rmma- 
tor by “errore typogr.”). 

Homalocramum boulcngcn Gunthei, Biol Conti. 
Amer., 1895, pp. 148-149, pi. 52, fig. F (Ilua- 
tusco, Veracruz). 

Typi Locality. Mirador, Veracruz. 

Diagnosis. Dark reddish-brown above, the 
color shaded into that of white ventral sur¬ 
face on the first scale row; head black 
above; a nuchal collar involving tips of 
parietals, bordered behind by black, cover¬ 
ing one to two scale lengths; seven upper 
and lower labials; one preocular; two post¬ 
oculars; two elongate temporals, the an¬ 
terior in contact with postoculars; pre- 
frontals separated from labials; mental and 
chinshields in contact; ventrals 159 to 161; 
caudals 46 to 49 (plus a few). 

Mexican Localitiis. Huatusco and Mira¬ 
dor, Veracruz. 

Specimens Examined. One. 

Remarks. Redated to phrenitica. Gadow’s 
miniata from Tezonapan (Teconapan, Tex- 
onapan), north of Ayutla, Guerrero, cannot 
be the same, but its identity is difficult to 
guess (Proc. Zool. Soc. London , 1905, p. 
196). Boulengers' incorrect allocation of 
Cope's name (to deppei) accounts for the 
recognition of bovlengeri. 


TantiUa moesta (Gunther). 

Homalocranium moesta Gunther, Arm. May. 

Nat. Hist., ser. 3, vol. 12, 1863, p. 352. 
TantiUa moesta Cope, Proc. Acad. Nat. Sa. 
Phi la., 1866, p. 126. 

Type Locality. Peten, Guatemala. 

Diagnosis. Dark brown above, somewhat 
lighter but still heavily pigmented below; 
anterior part of head of same color as bod> ; 
a very extensive nuchal collar involving over 
half of the parietals and laterally extending 
very nearly to the eye; seven upper and 
lower labials; one preocular; two postocu- 
lars; two temporals, not strongly elongate, 
the anterior in contact with postoculars; 
prefrontal in contact with labials; mental in 
contact with chinshields; ventrals 140 to 
154; caudals 55 to 63. 

Mexican Localities. Known from “Yu¬ 
catan.” Schmidt & Andrews' record for 
Merida, Yucatan, refers to quite a different 
species {cumculaUn ). 

Spi cinu ns Examincd. Two. 

Rnrnnks. The species seems to have no 
very close relatives. 

Tantilla nigriceps nigriceps Kennicott 

Tantilla mgneeps Kennicott, Pivc. Acad \at 
So. Phda., I860, p. 328. 

Tantilla mgneeps mg nap s Smith, Cnpnu, 
1938, no 3, pp 149 150. 

Typ( Locality. Fort Bliss, New Mexu<> 
Diagnosis. Body light above and below ; a 
black head cap Y-shaped posteriorly, the 
apex extending over three to five scale 
lengths on nape; seven upper and lovvet la¬ 
bials; one preocular; tw f o postoculars; two 
temporals, both considerably longer than 
broad, neither extremely elongate; pnmarv 
temporal in contact with postoculars or not. 
prefrentals separated from labials or not; 
mental usually separated from chinshields, 
occasionally not; ventrals 146 to 161, caudals 
35 to 62. 

Mexican Locahtus. Known only from Rio 
Santa Maria, near Progreso, Chihuahua 

N penm ( ns Examivcd. Sixteen. 

Rtmarks. The present form, with fnmt 
ceps, is very distinct from any other species 

Tantilla nigriceps fumiceps (Cope). 

Scalecophis fumiceps Cope, Proc. Acad . Nat. 

Set. Phda., 1860, p. 371. 

Homalocramon praeoculmn Bocourt, Miss. Sci 
Mox , Rept., 1883, pp. 582-583, pi. 36, fig 8 
(Colorado). 

TantiUa kirma Blanchard, Zool . Ser. Field Mus 
Nat. Hist., vol. 20, 1938, pp. 373-374 (9 mile- 
east of Pleasanton, Atascosa Co., Texas). 

Type Locality. Unknown, restricted to 
that of kimia , 9 miles east of Pleasanton, 
Atascosa Co., Texas. 
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Diagnosis . Body light above and below; a 
black head cap V-shaped posteriorly, the 
apex extending over three to five scale 
lengths on nape; seven upper and lower la¬ 
bials; one preocular (rarely two); two post¬ 
oculars; two temporals, both considerably 
longer than broad, neither extremely elon¬ 
gate; primary temporal in contact with 
postoculars or not; prefrontals separated 
from labials or not; mental usually sepa¬ 
rated from ehinshields, occasionally not; 
ventrals 130 to 150 (males 130 to 138, fe¬ 
males 141 to 150) ; caudals 39 to 48 (males 
43 to 48, females 39 to 44). 

Mexican Localities. Recorded only from 
Mier, Tamaulipas. 

Specimens Examined. Seven. 

Tantilla phrenitica sp. now 

Holotype. U.S. National Museum No. 
110381, female, collected at Cuautlapan, 
Veracruz, August, 1940. Pa rat ypcs. Twenty- 
five, including U.S.N.M. 110379-80,110382-5, 
topotypes; U.S.N.M. 38134, Semacock (col¬ 
lected by Geo. P. Goll), Guatemala; U.S.N.M. 
20835, Totontepec, Oaxaca; EHT-HMS 
22307, El Limon Totalco, Veracruz; EHT- 
HMS 23501-70, 23572-70, 23582, topotypes. 

Diagnosis. Dorsal surface dark, its color 
sharply differentiated from white or orange 
\entral surface; centers of lateral scales 
lighter than their edges; a nuchal collar, 
usually involving tips of parietals; snout 
dark; large postorbital light spot bordering 
edge of upper lip usually present; four an¬ 
terior infralabials dark; seven tipper and 
lower labials; one preocular; two postoculars; 
two elongate temporals, the posterior more 
elongate than the anterior, the latter in con¬ 
tact with postoculars; prefrontals separated 
from labials; mental and ehinshields in con¬ 
tact; ventrals 135 to 147; caudals 3(5 to 42. 

Desn iption of holotijpi. Rostral about as 
high as broad, portion visible from above a 
little less than half its distance from 
frontal; internasals about half as long as 
prefrontals; length of frontal (1.9 mm.) 
greater than its width (1.5 mm.) or dis¬ 
tance from tip of snout (1.8 mm.), or length 
of interparietal suture (1.7 mm.), less than 
maximum length of parietals (2.9 mm.); 
width of frontal about twice width of a 
supraocular (0.75 mm.); nasal completely 
divided, strongly indented below and some¬ 
what less strongly above, anterior section 
broader than posterior section; proocular 
large, in contact with nasal; diameter of 
orbit (0.8 mm.) less than half its distance 
from tip of snout (2.0 mm.) ; two temporals, 
the secondary a little longer and narrower 
than primary; latter in contact with two 
postoculars (upper fused with supraocular 
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on one side, abnormal) ; seven supralabials, 
last much the largest, others not much dif¬ 
ferent from each other in height; seven in¬ 
fralabials, fourth much the largest, four 
in contact with anterior ehinshields; mental 
in contact with ehinshields; posterior chin- 
vshields narrower than and about three-fifths 
the length of anterior pair. 

Dorsals in 15 rows, smooth, not pitted; 
137 ventrals; anal divided; 40 caudals; total 
length 175 mm.; tail 33 mm. 

Color. Dorsal surface of head and body 
dark brown or black; color of head extend¬ 
ing to labial border, except for a light spot 
(bordering lip) behind the eye, including 
the fifth supralabial and edges of adjacent 
scales; a light nuchal collar, involving tips 
of parietals and of secondary temporals, 
covering two scale lengths on the nape, 
somewhat broader laterally and including 
posterior half of seventh labial; body uni¬ 
form dark, except that the centers of the 
scales are stippled lighter, visible only mic¬ 
roscopically on most scales, but easily visible 
to the naked eye on first row of dorsals; 
dorsal pigment terminating abruptly at ends 
of ventrals; anterior portion of mental, and 
all of four anterior infralabials dark; re¬ 
mainder of infralabial border dark; re¬ 
mainder of ventral surfaces of body and tail 
unmarked; tail and posterior portion of 
body (ventrally) orange, brightest pos¬ 
teriorly, anteriorly becoming white. 

Variation. In the twenty-live paratypes, 
one postocular occurs in three; 6-7 infra¬ 
labials in three; 6-7 supralabials in one; 
ventrals 137 to 112, caudals 37 to 44 in 
twelve males, 135 to 147, and 36 to 42 in 
thirteen females. The nuchal collar involves 
the tips of the parietals in fifteen (barely in 
three), borders the parietals in ten; mental 
in contact with ehinshields in all. 

Discussion. This species is the same (ap¬ 
parently) as Boulenger’s (Cat. Snakes, vol. 
3, 1896, p. 222) Guatemala specimen re¬ 
ferred to schistosa. It is not the same as 
Bocourt’s schistosa (Miss. Sci. Mex., Kept.* 
1883, p. 585, pi. 36, fig. 10), however, de¬ 
scribed from Alta Vera Paz and Mexico. 
This species is described as having 121 
ventrals (lowest phrnutica count is 135). 
This difference might be attributed to error 
in counting, except that schistosa is figured 
with a scale-like secondary temporal (al¬ 
ways elongate in phrenitica) , and completely 
without chin markings (mental and four 
anterior labials always dark in phrenitica). 

The Mexican cotype of schistosa may be¬ 
long to phrenitica (as I provisionally con¬ 
clude), but if so it certainly is not the fig¬ 
ured and described specimen, which must 
he considered the type and which probably is 
the Alta Vera Paz specimen. 
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Tantilla ruhra Cope. 

Taut ilia rubra Cope, Jount . Acad. Nul. Sci. 
Phila ., ser. 2, vol. 8, 1876, p. 144. 

Type Locality. “Japana,” Oaxaca 
(Tapana). 

Diagnosis. Red (pink) above and below; 
snout, including internasals and half of pre- 
frontals, white; rest of sides and top of 
head black, except for area involved in 
nuchal collar and a white circular area in¬ 
cluding the fifth labial and edges of adjacent 
scales; collar broad, including tips of pari- 
etals, extending anterolaterally to middle of 
seventh labial, extending posteriorly over 
two or three scale lengths; posterior border 
of collar black, extending over two or three 
scale lengths; seven upper and lower labials; 
one preocular; two postoculars; two elon¬ 
gate temporals, the anterior in contact with 
post oculars; prefront als separated from 
labials, occasionally not; mental and chin- 
shields in contact; ventrals 148 to 162, 
caudals 59 to 68. 

Mexican Localities. Recorded from Santa 
Efigenia, Tapana, and various localities in 
the vicinity of Tehuantepec, Oaxaca; and 22 
kilometers north of Tehuacan, Puebla. The 
British Museum specimen from Orizaba 
(lloulenger, Cat. Snakes Brit. Mus., vol. 2, 
1896, p. 219) does not seem to be rubra, nor 
can I allocate it with any other. It may be 
bocourti. Guanajuato records, of course, are 
incorrect. 

Spt cini( us E.xamiucd. Eleven. 

Tantilla striata Dunn. 

Tantilla shiuta Dunn, Aitici. Mas. Nor., no. 
514, 1928, p. 3. 

Typt Locality. Mixtequilla, Oaxaca. 
Diagnosis. Three light lines on body, the 
median involving one and two half scale 
rows, the lateral involving adjacent halves 
of third and fourth rows; no nuchal collar, 
replaced by two rounded light spots involv¬ 
ing tips of parietals; belly light; seven 
upper and six or seven lower labials; one 
preocular; two postoculars; two elongate 
temporals, the anterior broader lhan the 
posterior and in contact with postoculars; 
prefrontal separated from labials; mental in 
contact with chinshields; ventrals 157 to 
165; caudals 34 to 42. 

Mexican Localities. Known only from the 
vicinity of the type locality. Obviously re¬ 
lated to jani. 

Specimens Examined . Three. 

Tantilla wilcoxi wilcoxi Stejneger. 

Tantilla wilcoxi Stejneger, Proc. I 7 . S. Nat. 
Mas., vol. 25, 1902, p. 15G. 

Type Locality. Ft. Huachuca, Arizona. 
Diagnosis. Body light, above and below; 
head dark gray above and on sides as far as 


lower border of eye; a lateral extension of 
head cap to labial border, including parts of 
sixth and seventh labials; black cap scarcely 
indented behind eye; snout pigmented; col¬ 
lar involving posterior tips of parietals, 
covering one to one and one-half scale 
lengths; a narrow black posterior border 
covering one scale length or less; seven up¬ 
per and lower labials; one preocular; two 
postoculars; temporals elongate, the an¬ 
terior in contact with postoculars; pre- 
frontals and labials separated; mental and 
chinshields usually in contact, occasionally 
not; ventrals 149 to 164; caudals 62 to 69. 

Mexican Localities. Mojarachic, Chi¬ 
huahua. 

Specimens Examined. Six. 

Remarks. This species is well differenti¬ 
ated from bocourti , which it resembles m 
color, by the shape of the secondary tem¬ 
poral. The narrow posterior border of the 
light collar, lack of sharp differentiation be¬ 
tween white labial area and dark coloration 
of top of head, and absence of an indentation 
in the dark area behind eye differentiate 
this species from others of the group. 

Tantilla wilcoxi rubricata subs]), nov. 

Holotype. U. 8. National Museum No. 
110399, male, fifteen miles southeast of Ga- 
leana, Nuevo Leon. Para types. U.S.N.M. No. 
110398, topotype; E. 11. Taylor - il. M. 
Smith No. 23473, Mt. Zapaliname, Saltillo, 
Coahuila. 

Diagnosis. Top of head dark gray, the 
color extending a little below level of eye, 
not very sharply differentiated from white 
of supralahial region; dark head color ex¬ 
tending laterally to labial border on fifth and 
sixth supralabials; a narrow nuchal collar, 
covering little more than one scale length, 
involving tips of parietals (barely in one 
case); black border of nuchal collar very 
narrow, less than one scale length; head 
scales normal; ventrals 140 to 146; caudals 
51 to 56; mental in contact with chinshields. 

Description of holotype. Portion of rostral 
visible from above equal to length of inter¬ 
nasals; latter little more than one-third 
length of prefrontals, about a fourth their 
size; frontal with four sides, two meeting 
in an obtuse anterior angle, sides curved, 
posterior angle acute; length of frontal (2 
mm.) greater than its distance from tip of 
snout (1.8 mm.) or length of interparietal 
suture (1.6 mm.), much less than greatest 
length of parietal (2.9 mm.); maximum 
width of supraocular (0.9 mm.) more than 
half width of frontal (1.5 mm.); nasal ap¬ 
parently divided both above and below, naris 
pierced nearer upper edge than lower; an¬ 
terior section of nasal larger and highei 
than posterior, which is elongate and in con¬ 
tact with preocular; two postoculars; two 
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elongate temporals, anterior in contact with 
postoculars; seven supralabials, last largest; 
seven infralabials, the first in contact with 
midventral line on one side; four labials in 
contact with anterior chinshields, one with 
posterior. 

Scales in 15 rows throughout, smooth, 
not pitted; ventral,s 140; anal divided; cau- 
dais 54. 

Color. Dorsal surface brownish gray, 
stippled lightly; ventral surface white; head 
dark gray above, lighter on snout, the color 
extending on sides to below eye; head cap 
black around edges, extended laterally to 
labial border on portions of sixth and sev¬ 
enth supralabials; labial border white, not 
sharply differentiated from dark color; a 
small indentation of head cap behind eye, 
not reaching upper postocular; a narrow 
white nuchal collar of about one and one- 
half scale lengths, involving tips of pari- 
etals; collar bordered posteriorly by a nar¬ 
row black band covering less than one scale 
length; lower labial border stippled. 

Vtmalion. The topotypie female is very 
similar in color, markings and scutellation. 
The mental is in contact with both anterior 
chinshields. Ventrals 146, caudals 51. 

The specimen from Mt. Zapaliname has six 
supralabials, the normal sixth and seventh 
f’u<(d; six infralabials on one side (second 
and third fused); nasal not divided above 
nan^; nuchal collar barely involving ex¬ 
treme tips of panetals; some black stippling 
on Hime of the median belly scales; ventrals 
Ml, caudals 5b. The black posterior border 
of the nuchal collar is very narrow, nearly 
obsolete. Despite these numerous differ¬ 
ences I believe this is the same as the Ga- 
loana specimens. It is obviously anomalous 
m some characters, and in addition has 
sevt-ral of the posterior ventrals divided 
mutually. 

Taut ilia ynquia sp. nov. 

Museum of Comparative Zoology 
No. 43274, female, collected at Guasaremos, 
liio Mayo, Chihuahua, by H. S. Gentry, in 
August, 1930. 

Diagnosis. Dorsal surface light brown, 
light below; head dark brown, black on sides 
and posteriorly, the cap extending about 
three scale lengths posterior to parietals; a 
faint nuchal collar, about one scale length, 
without a dark posterior border; a white 
area bordering lip behind eye, extending to 
middle of primary temporal ; cap extending 
below angle of mouth; naris nearer upper 
than lower edge of nasal; latter divided 
above and below; ventrals 150, caudals 66. 

t Inscription. Length of portion of rostral 
visible from above about ecpial to length of 
internasals; latter a little less than half size 
of prefrontals; frontal hexagonal, anterior 


angle obtuse, posterior angle a little less 
than right angle, sides slightly convergent 
posteriorly; frontal a little longer (2.2 mm.) 
than broad (1.8 mm.), longer than its dis¬ 
tance from tip of snout (1.8 mm.), subequal 
to length of interparietal suture, consider¬ 
ably less than maximum length of parietal 
(3.2 mm.) ; maximum width of supraocular 
(0.9 mm.) no more than half width of 
frontal; naris pierced somewhat nearer up¬ 
per than lower edge of nasal; posterior sec¬ 
tion of nasal about two-thirds size of an¬ 
terior section, subequal to single preocular; 
two postoculars; two elongate temporals, the 
primary broader and in contact with post¬ 
oculars; seven infralabials, fourth and fifth 
entering eye, 1-2-3-5-4-6-7 in order of in¬ 
creasing size, seventh much the largest; 
seven infralabials, four in contact with an¬ 
terior chinshields; mental in contact with 
chinshields, the anterior pair of which is 
longer than the posterior. 

Scales in 15 rows, smooth, not pitted; 
ventrals 150; caudals 66. Total length 240 
mm.; tail 61 mm. 

General ground color light brown above*, 
clear below; top of head dark brown, tip of 
snout a little lighter; sides of head black, 
except lower parts of subocular and second 
labial, all of first, fifth and sixth labials, 
anterior half of seventh labial and lower 
hall* of primary temporal, all of which are 
cream-color; black on sides of head continu¬ 
ous with a black area extending posteriorly 
to cover about three scale lengths of neck; 
latter area extending laterally below corner 
of mouth onto first row of gulars, involving 
posterior half of seventh labial; posterior 
border of head cap straight on dorsal sur- 
fac\ curving forward on sides of head; a 
light collar about one scale wide, poorly de¬ 
fined, bordering head cap posteriorly, fol¬ 
lowed by brown stippling of the back, its 
posterior edge not otherwise marked; stip¬ 
pling on back light, most distinct at edges of 
scales; some stippling at ends of ventrals, 
and in gular region; ventral surface other¬ 
wise unmarked. 

Comparisons. The present form is closely 
related to (incut and planivi ps. T. < is< ni has 
the naris equidistant from upper and lower 
edges of nasal; ventrals more numerous 
( 165 to 190) ; no light area behind eye, ex¬ 
tending from labial border to middle of pri¬ 
mary temporal; head flatter, snout more 
protruding. This and ijaquia seem to be more 
closely related to each other than either is 
to plan ice pa , which has low ventral counts 
and nasal not divided above naris. 

Key to North American Tantiila. 

1. Ventral surface heavily pigmented. nmesta 

Ventral surface light, only extreme lateral 

tips of ventrals sometimes pigmented. .2 

2. A lateral light stripe (a median also, but 
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sometimes dim) at least anteriorly; no 

median middorsal dark stripe.3 

No lateral light stripes; or, if present, a 
middorsal dark stripe also present.... 4 

3. Two light spots on nuchal region, involv¬ 

ing tips of parietals; ventrals 157 to 165, 

caudals 34 to 42. striata 

A light nuchal collar, involving tips of 
parietals; ventrals 139 to 154, caudals 
40 to 50. jani 

4. A lateral light stripe and a middorsal dark 

stripe; neck as well as head dark, collar 
(if present) crossing neck several scales 

back of head. mexicana 

Not as described.f> 

5. Body with three or five distinct dark 

stripes.6 

Body not striped; or, if so, with only a 
median stripe.8 

6. A light nuchal collar (may be broken me¬ 

dially) ; seven supralabials; five dark 

lines on body. deppei 

No light collar; six supralabials; three 
dark lines.7 

7. Lateral stripe on adjacent halves of fourth 

and fifth rows; no preocular; ventrals 

114; caudals 39. martin delta mpoi 

Lateral stripe on adjacent halves of third 
and fourth rows; a preocular (sometimes 
very minute) ; ventrals 119 to 132; cau¬ 
dals 27 to 35. cal a nut rina 

8. Dorsal surface of body dark and the dark 

color sharply diffeientiated from lighter 

ventral color at ends of ventrals.9 

Dorsal surface of body daik or light, but if 
dark, the color not sharply differentiated 
from lighter ventral color at ends of 
ventrals.10 

9. Sides of body darker than middorsal area, 

the two areas rather sharply differen¬ 
tiated and separated by a dim, narrow, 
light line; ventrals 140 to 154; caudals 

49 to 53. nnnculafoi 

Sides of body not darker than nor dis¬ 
tinctly differentiated from color of mid¬ 
dorsum; ventrals 121 to 147; caudals 32 

to 43. phrenifica 

10. Head of about same color as back or, if 
darker, its color not sharply differen¬ 
tiated from that of back; and no light 

nuchal collar.11 

Head black or dark brown, sharply differ¬ 
entiated from color of back, or, a light 

nuchal collar present.12 

It. Sides of head of same color as top; a dor¬ 
sal light stripe (in fresh material); 
seven supralabials; two postoculars; 

ventrals 105 to 114. cannla 

Labial border white, rather sharply differ¬ 
entiated from dorsal color of head; no 
dorsal light stripe; usually six supra¬ 
labials; usually one postocular; ventrals 
115 to 138. gracilis 

12. Black head cap V-shaped, its apex extend¬ 

ing three to five scale lengths posterior 
to parietals on middorsal line; no nuchal 

collar; body light.13 

Black head cap with a straight or slightly 
convex posterior margin; a nuchal collar 
at least faintly visible, not necessarily 
dark-edged behind; body dark or light. 14 

13. Ventrals in males 146 to 159, in females 

150 to 161. vigriceps nigriceps 


Ventrals in males 130 to 138, in females 
141 to 150. nigriceps fumiceps 

14. Nuchal collar indistinct, of about one scale 

length, not dark-edged posteriorly (some¬ 
times a few black dots).15 

Nuchal collar very distinct, usually of 
more than one scale length, dark-edged 
posteriorly.20 

15. Black of head extending below angle of 

mouth onto gular scales, and posteriorly 

two or more scale lengths.18 

Black of head not extending below angle 
of mouth onto gular scales, and posteri¬ 
orly two or less scale lengths. 16 

16. A fine, distinct, black, middorsal line; three 

temporals; ventrals 129 in type; usually 

(?) one postocular. hobartsmithi 

No middorsal dark lino; two elongate' tem¬ 
porals; ventrals 127 to 160; usually two 
postoculars.17 

17. Ventrals in males 153 to 160, in females 

163 to 172. litahcnstx 

Ventrals fewer. a triceps 

18. Ventrals 134 to 141; nasal not divided 

above naris. plan ice 

Ventrals more numerous; nasal divided 
above naris as well as below. ... 19 

19. Ventrals 165 to 190; naris equidistant from 

upper and lower edge of nasal; no light 
area bordering lip behind eye and ex¬ 
tending to middle of primary temporal 

CISC HI 

Ventrals 150 in female type; naris much 
nearer upper than lower border of nasal; 
a light area bordering lip behind e\o, 
extending to middle of primary tern 
poral. yaqnta 

20. Anterior temporal about as broad as long, 

scale-like . .. . bocomfi 

Anterior temporal elongate, much longer 
than broad . . .. 21 

21. Posterior black border of nuchal col la i 

covering one scale length or less. . 22 

Posterior black border of nuchal col I hi 
covering two or three scale lengths 23 

22. Ventrals 149 to 164, caudals 62 to 69 

wilcoxi ivdcn, i 

Ventrals 140 to 146, caudals 51 and 50 

wilcoxi rubrv'ata 

23. Black of dorsal surface of head not reach¬ 

ing labial border. deviate 

Black of dorsal surface of head reaching 
labial border. 21 

24. Nuchal collar covering two or three scale 

lengths, about as wide as its postenoi 
border; snout white; dorsal and ventral 

surfaces pink. ruin a 

Nuchal collar much narrower, narrower 
than its posterior border; snout not 
white. 25 

25. Ventrals in males 131 to 141, average 133; 

in females 139 to 148, average 143; cau¬ 
dals in males 42 to 51, average 46; in 
females 41 to 46, average 44; light band 
on back of head well defined although 
often interrupted on the midline 

cor on a ta corona fa 
Ventrals in males 119 to 129, average 127; 
in females 123 to 145, average 131; cau¬ 
dals in males 50 to 67, average 57, m 
females 41 to 59, average 51; light band 
on back of head usually more or les^ 
obliterated. coronata vwpn* > 1 
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Eastern Pacific Expeditions of the New York 
Zoological Society. XXX. 

Atlantic and Pacific Fishes of the Genus Dixonina .* 

William Beebe. 


(Plates I & II). 


| This is the thirtieth of a series of papers 
dealing with colleetions of the Eastern Pa¬ 
cific Expeditions of the New York Zoological 
Society made under the direction of Wil¬ 
liam Beetle. The present paper is concerned 
with specimens taken on the Eastern Pa¬ 
cific Zara Expedition (1937-1938). For data 
on localities and dates of this expedition, 
refer to Zoohujica , Vol. XXIIJ, No. 14, pp. 
287 298.| 

In connection with studies of differentia¬ 
tion or of identity in species of fish from 
opposite sides of North and Central Amer¬ 
ica, 1 ha\e reviewed the data on Dixonina. 
This consists of the published account by 
Fowler, of the type of Diionina nnnoptna, 
taken many years ago at Santo Domingo, 
West Indies, and of the second known At¬ 
lantic specimen by Metzelaar, from Puerto 
Cabello, Venezuela (not Ciuacoo , as re¬ 
corded by Dr. Myers.). 

As regards Pacific records of Dixonina, 
Dr. George S. Myers, in 1936, searched the 
collections of the United States National 
Museum. He found a single individual of 
fifteen inches standard length, which long 
before had been acquired by the Museum, 
with no data except the locality Acapulco, 
Mexico. No description was published. 

In the Japanese publication ‘‘Marine 
Fishes of the Pacific Coast of Mexico,” 1937, 
with text by Yosio Hiyama, we are told in 
the preface that all the fish mentioned were 
collected in 1935-1930 on the trial fishing 
trip of a Japanese boat, and all taken by 
trawling. There are four lines of text on 
page 27 which refer very evidently to 
Albula, with the note that this species was 
“abundant in the Gulf of California.” We 

1 Contribution No 636, Depart mi nt of Tropical Re¬ 
search, New York Zoological Society. 


find, however, the single sentence, “in some 
specimens the last rays of dorsal elongated.” 
In agreement with this, Plate Five presents 
an excellent colored figure of Dixonina, both 
as to correct relative length of the maxil¬ 
lary, number of lateral line scales and in 
the two elongate fin rays. So we must recog¬ 
nize this as the .second Pacific published rec¬ 
ord of this species. The length of this speci¬ 
men seems to have been 270 mm. 

Along the northern part of the Pacific 
coast of Costa Rica, on the Eastern Pacific 
Zara Expedition of the Department of 
Tropical Research, we rediscovered, in 1938, 
this interesting relation of the bonefish. At 
three places along a stretch of shore of 
about seventy-five miles we took a total of 
19 Di.ionina, both in seines and by hand line 
from the Zara, the fish measuring from 80 
to 365 mm. standard lengths. 

The two Atlantic specimens measure 381 
and 260 mm. standard lengths respectively. 
With the published data of these 1 have com¬ 
pared two of my Pacific Dixonina , one of 352 
and the other 365 mm., and the accompany¬ 
ing table gives the comparative result-’. In 
the same table are corresponding characters 
of two additional Pacific Divonina, of 185 
and 80 mm. standard lengths. 

Dixonina pacifica sp. now 

Tijp(: Holotype, No. 26,131, Eastern Pa¬ 
cific Zara Expedition of the Department of 
Tropical Research. New York Zoological So¬ 
ciety; Port Oulebra, Costa Rica l No. Lat. 
10°31'; West Long. 85 c 40') : caught on hand 
line from the Zaca , January 24, 1938; stand¬ 
ard length 352 mm.; adult female in full 
breeding condition. Type in the collections 
of the Department of Tropical Research, 
New York Zoological Society. 
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Diagnosis: The distinction between the 
Pacific Dixonina pacifica and the Atlantic 
Dixonina ncmoptera is as follows. In the for¬ 
mer there is a greater number of lateral line 
scales (81 to 84, as compared with 76) ; in¬ 
creased number of vertical lines of scales on 
dorsal half (11, not 9), and on ventral half 
(9, not 7); decrease in predorsal scales (22 
instead of 30) ; smaller eye (6.8 to 7, not 
4.15) ; longer pelvic fins (2.2 and not 2.7) ; 
greater number of gill-rakers (7-fll in¬ 
stead of 4 -f- 9). 

Identical characters in Dixonina from the 
two oceans are, relative head length, depth, 
snout, maxillary, lengths of the first and 
last dorsal rays and the last anal ray, pec¬ 
toral length, branchiostegals, and appar¬ 
ently fin counts, although as regards those 
of the dorsal and anal there is considerable 
confusion. 

Mtasmenunts and Counts: Standard 
length 352 mm.; depth 80; head 120; eye 
17; snout 44; maxillary 54; interorbital 18; 
pectoral length 54; pelvic length 54; snout 
to dorsal 195; snout to anal 830; snout to 
pectoral 117; snout to pelvic 217; dorsal 
height 60; last dorsal ray length 62; anal 
height 32; last anal ray length 40 mm.; 
dorsal fin count 11,20; anal fin count 1,9; 
pectoral count I, 16; pelvic count I, 10; gi 11- 
rakers 7-11; branchiostegals 14; lateral line 
scales 81; scale rows dorsal to lateral lino 
11; lateral line to anal 9. 

Rang(: Northeastern Pacific coast Mex¬ 
ico: (Gulf of California and Acapulco); 
Costa Rica: (Potrero Grande, Port Culebra 
and Piedra Blanca Bays). 

Fidd Charactn s\* An elongate, spindle- 
shaped fish of the eastern Pacific coast, with 
conical snout overhanging the mouth; maxil¬ 
lary longer than snout; last ray of dorsal 
and of anal fin produced into a long fila¬ 
ment; shining silver with dark scale lines 
along upper half of body. More than 80 
lateral line scales. 

Colo): Brilliant silver, appearing dark 
above in certain lights with dark green on 
the head; this dorsal pigmentation resolves 
into eight very dark lines along each side of 
the upper half of the body, covering about 
one-fourth of each scale nearest to the ad¬ 
joining line. Dorsal fm greenish, caudal 
dusky, anal silvery at base; a dusky spot at 
pectoral base, with yellow spot behind; basal 
membrane of pectoral apple green, rest of 
fin dusky. These colors fade at death. Iris 
silvery. 

In the young fish, at least up to 90 mm. in 
length, two rows of dark spots extend along 
the side of the body, the upper close to the 
mid-back. In a 115 mm. fish the spots are 
less conspicuous and the dorsal dark lines 
begin to be distinct. The spots persist after 
death. In the full-grown fish the dai'k scale 
lines are fainter than in fish of medium size. 


Size: The largest recorded fish is that in 
the U. S. National Museum collection, “a 
fine 15-inch adult,” (381 mm.). 

Local Distribution: Wherever we found 
these fish, they inhabited the same coastal 
shallows, off sand or muddy shores, as 
Albuht. 

Abundance: Common wherever found; 
twelve taken in one seine haul, and three 
and two on successive days with hand lines. 

Food: A 90 mm. fish (28,051 b) taken at 
Potrero Grande, Costa Rica, had in its stom¬ 
ach 1 mysid, 1 shrimp and 1 euphausid, all 
small. The food of another fish of 179 mm. 
from the same locality was an Atherina sp. 
of 40 mm. and an 80 mm. Anchoviclla sp. 
The fully adult female (26,131) had, in its 
intestine, remains of a small fish and a small 
anomuran crustacean. In the stomach proper 
was a freshly swallowed and quite un¬ 
damaged Sqiulla hancocki, the fifth known 
specimen. 

Bending: The type, specimen Number 
26,131, standard length 352 mm. was taken 
by hand line from the Zac a in Port Culebra, 
Costa Rica, January 24, 1938. It proved to 
be a full-grown female with ovaries well de¬ 
veloped. The* eggs seem almost read.v for 
deposition. The two ovaries are large, 
w rapped about the stomach and intestine, 
fairly thick down the mid-dorsal line of the 
coelom, and thinning out into sheets or 
wings around the caeca and stomach, almost 
mooting ventrallv. They are 170 mm. m 
length and 30 mm. at their widest extent 
around the caeca. They weigh together 15 
grams, and a carefully estimated count, 
based on divisional weight, works out at 
about 70,000 eggs. Individual eggs measure 
.35 to .45 mm. in diameter. 

Study Matnial: 19 specimens. Costa 
Rica: Potrero Grande, 11 transitional ad¬ 
olescents (28,051, a, b, c, d, o; 26,046, a, 1>, 
c, d, e, f), 80-200 mm., 3 of which were in 
the immature spotted stage, seine; and 3 ad¬ 
ditional adolescents (26,123, 26,124 and 
26,125), 220-270 mm., taken on hand line 
from Zaca , January 23, 1938. Culebra Bay, 
2 adults (26,131, and one 26,131 a, lost after 
description), 352 and 365 mm., January 24, 
1938, on hand line from Zaca; Piedra 
Blanca, 3 transitional adolescents (28,746 
a, b, c), 80, 110 and 115 mm., all in spotted 
phase, February 2, 1938, seine. 

Rf fire ores: Dixonina ncmopt() a, Myers, 
G. S, Copua, 1936; 83 85 (Announcement 
of discovery of a Pacific Dixonina in the col¬ 
lections of the IJ. S. National Museum, 
labelled Acapulco). 

Alhula vulpcs (in part) Kumada & Iliy- 
ama, Marine Fishes Pacific Coast of Mex¬ 
ico. 1937: 27, Plate 5 (short description, 
referring in part to Dixonina; Gulf of Cali¬ 
fornia, plate of Dixonina ). 
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Table 1. 

Comparison of proportions and counts of Atlantic Dixonina nnnoptera 
and Pacific Dixonina pacifica . 


Atlantic 


Standard length 

881 

260 

Head length 

109 

108 

Head (in length) 

8.5 

2.4 

Depth (in length) 

4.6 


Dorsal fin 

V, 16, 1 

19,1 

Anal fin 

111,6,1 

7,1 

Pectoral fin 

I, 16 

Pelvic fin 

1,8 


L.L scales 

76 

76 

Dorsal to L.l. 

9 

9 

Anal to L.l. 

7 

7 

Predorsal scales 

80 


Snout (in head) 

2.6 

2.5 

Eye 

5.6 

5 

Maxillary 

»> 

2.1 

Interorbital 

4.15 


1st dorsal ray 

1.8 

1.9 

Last dorsal ray 

1.7 


Last anal ray 

8.25 


Pectoral length 

2 


Pelvic length 

2.7 


(1 ill-rakers 

4 4 9 


Branchiostegals 

Vertebrae 

1 1 



Ontogenetic Chances. 

The following are the ontogenetic changes 
apparent in this species, based on three in¬ 
dividuals, a small transitional adolescent in 
the immature spotted phase of 80 mm., a 
late striped adolescent of 185 mm., and a 
fully breeding adult measuring 852 mm. in 
standard length. 

The head increases slightly in comparison 
with the length, from young to adult, 8.9 
times to 2.9; a corresponding change in 
depth is more marked, the increase being 
from 6.0 times to 1.1; The median tin count 
remains the same* at all ages, although hints 
of two additional anterior spines in the anal 
were detected in a cleared 110 mm. adoles¬ 
cent; also m the same fish the pectoral 
count was distinctly increased to LIS in¬ 
stead of the usual 1,16. and the pelvic 
showed 1,11 elements instead of the more 
typical 1,10. The eye decreases relatively 
with age, measuring 4.6 times in the head in 
the youngest, as compared with 7 times in 
the oldest. The elongate last dorsal and anal 
rays increase markedly with age, the former 
changing from 5.8 to 1.9 times in the small¬ 
est and largest fish, and the anal filament 
from 6 to 8 times in the head. Ontogenetic 
changes in other characters are negligible. 

Median Fins. 

In regard to the moot question of whether 
the last two. closely associated rays of the 
dorsal and the anal fins should be counted 
as one, as one and a half, or as two seems to 
me to reduce itself automatically to a ques¬ 


Pacific 


' 852 

865 

185 

80 mm. 

120 

115 

52 

28 mm. 

2.9 

8.1 

8.5 

3.9 

4.4 

5 

5 

6.6 

11,20 


11,20 

II, 20 

1,9 


1,9 

1,9 

I, 16 


I, 1G 

I, 16 

I, 10 


I, 10 

1, 10 

81 

84 

84 

80 

11 

11 

11 

10 

9 

9 

9 

9 

22 

22 

28 

28 

2.7 

2.G 

2.6 

2.7 

7 

6.8 

5.7 

4.6 

2.2 

2.1 

2.2 

2.1 

6 !g 

5.1 

4.7 


2 

1.8 

1.8 


L9 

1.5 

2.6 

5.8 

8 


8.2 

6 

2.2 


o 

2.1 

2.2 


2.8 

2.6 

7-HI 

74 11 

7 HI 

74-11 

14 


12 




77 



tion either of the recognition of natural 
evolution or of personal preference. My 
choice is to consider them as two rays. 

In addition to any phylogenetic interest ex¬ 
pressed in the elongated posterior ray of the 
median fins, it is an important differential 
generic character. It is also singularly per¬ 
sistent, although appearing sporadically in 
several genera of lsospondyli, such as Tar¬ 
pon, Di.vonina , Ditrosonut, Sifjnalosa, Opis- 
thonema and Chanox. Thus if we should con¬ 
sider the posterior, closely-associated rays 
as one, we should have to describe the elon¬ 
gated character as formed by one-half of 
the posterior ray. 

Judging by many metameral characters 
of these and other fish, and by general evo¬ 
lutionary knowledge, we know that phylo- 
geneticallv, and often ontogenetically, such 
structures usually decrease in serial num¬ 
ber. In the present case, we can be quite sure 
that the close association of the two pos¬ 
terior ravs of the median fins is due to a 
comparatively recent reduction, and that at 
one time both were wholly separate as to 
subdermal elements. The same thing holds 
in the case of the present, intimately asso¬ 
ciated, but clearly distinguishable anterior 
spine or spines. 

As these spines, present in both dorsal 
and anal fins, are extremely hard, and wholly 
lack the nodes or segments characterizing 
all rays, we must omit the conventional 
“lsospondyli — Dorsal and anal without 
true spines.” 

In my discussion of the supporting bones 
of the median fins, instead of using the 
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cumbrous “proximal or distal interspinous 
bones,” or “Pterygiophores”, or “inter- 
neural and interhaemal bones”, I am mak¬ 
ing use of Jordan's terms, baseosts and 
axonosts, which seem simple and self- 
explanatory. 

Anal Fin. 

Based chiefly on a 185 mm. specimen, No. 
28,046 b. With a few references to a 170 
mm. fish (28,046 a), and to a 110 mm. fish 
(28,746). 

The normal count of the anal fin in this 
species, both in fully adult breeding indi¬ 
viduals, and in transitional adolescents from 
200 down to 80 mm. standard lengths, is 
1-9. In one specimen of 110 mm., however, 
I have found distinct traces of two minute 
spines anterior to the definite one which we 
count as I. No separate axonosts exist for 
the anterior four elements (the spine and 
three rays), although the anterior one flares 
out in a curved, double wing, and a distinct 
seam indicates that they, the next two. are 
fused together and to the distal head of the 
compound baseost. The first three baseosts 
(belonging to the spine and two rays) are 
fused at their distal ends, the second and 
third fanning out and forming the anterior 
and posterior edges of a large, thin, longi¬ 
tudinally oriented, bony wing or fan. 

The 1st baseost (serving the spine) is a 
minute, bony nubbin (.8 mm.), attached to 
the anterior, distal portion of the 2nd 
baseost. The .small hard spine (2.2 mm.) is 
closely applied to the anterior surface of the 
1st ray. The 2nd baseost (2.5 mm.) forms 
the anterior border of the abo\e-mentioned 
wing or fan ; its ray is 6.5 mm. long. The 3rd 
baseost (6.5 mm.) forms the posterior bor¬ 
der of the wing, and its ray which is the 
first branched one, is 14 mm. The 4th baseost 
is like all the succeeding ones, but its axon- 
ost is absent, the 4th ray articulating di¬ 
rectly with the end of the baseost. 

From here back, we find five baseosts 
long, slender, but rather blunt, each fringed, 
fore and aft, by a fin or wing of thin bone. 
Hach fin almost touches the one in front and 
that behind, so there can be extremely little 
inter-baseost movement, even if the muscu¬ 
lar tissues permitted. Each baseost points 
sharply forward, the two last being even 
more acutely oblique, thus bringing the 
three posterior proximal tips close together. 
Each baseost articulates closely with its 
axonost. These are saddle-shaped, and each 
is partly covered with the pair of large, 
blunt spines which extends down and out 
from near the base of the rays. 

The 8th ray, while furnished with normal 
axonost and baseost, is placed somewhat 
above the level of the rest of the rays, and 
its articular surface is at a greater dis¬ 
tance from the corresponding surface of 
the axonost. 


The 9th or last ray, the elongated one, 
ends basally in two, long, slender, curved 
spines which extend down toward, but do 
not quite bestride, the last axonost. This is 
almost double the size of the rest, and in 
all nearly grown or adult fish completely 
lacks a baseost. In a 110 mm. Dixonma , how¬ 
ever, a faint, cartilaginous one is visible, 
one-third as long as the others. In this in¬ 
dividual, too, both of the last two rays are 
elongate, and share equally in this generic 
character. They measure 7 mm. in length, 
compared with 4.2 mm. of the 7th ray. 

The inter-rayal webbing is extremely deli¬ 
cate and is easily destroyed. From each side 
of each ray there arises a flap or narrow, 
vertical curtain of scales, attached onlj 
along the side, and hanging freely behind, 
about twice or throe times as wide as the 
ray stem itself. Thus each ray possesses a 
web connecting it w T ith the succeeding ray, 
and in addition, two longitudinal scale flaps 
which lie flat against the web, but can ho 
lifted up at right angles and replaced again. 
The two posterior rays are wholly free from 
these scales, but the ray in front (7th in 
the anal) has three scales in a veitical line, 
forming its flap, and this number increases 
to a dozen or more along the long, antenoi 
rav s. 

Dorsal Fin. 

The count of the dorsal tin is consistent 
in both adult and .\oung Du'mmm pacifica, 
11-20. Except for its extra spine and nine 
additional rays, the dorsal fin is a replica of 
the description I have given of the anal fm 

In a 185 mm. fish the lengths of the ele¬ 
ments are as follows: First spine, very small 
(1.5 mm.); 2nd spine 2.2 mm.; 1st ray, 6 
mm.; 2nd ray, 12.2 mm.: 2rd ray, 21.2 mm., 
1th, or first branched ray, 28.6 mm.; 19th 
ra.v, 6.7 mm.; and 20th or elongate ray, 19.2 
mm. m length. 

Gill-arches. 

For gill-arch comparison I have chosen 
three individual fish, of 80, 185 and 252 mm. 
standard lengths, or approximately 25, 50 
and 100 per cent. In the 80 mm. adolescent, 
the conventional gill-raker count of the first 
arch is 7-11, and in the 252 mm. fully adult 
individual it is the same, the anterior two 
or three on the hypobranchial being some¬ 
what indistinct from a concentration of 
surrounding spinous areas. Of the rakers on 
the lower arch, the ceratobranchial bears 7, 
the hypobranchial the remaining 4. Most of 
the following notes have to do with these 
7, as Ihey are typical of those on all other 
segments. 

In the smallest fish the 7 ceratobranchial 
rakers are the only armature on the outer 
side of this element, and are relatively long, 
straight-sided and covered solidly with long, 
sharp spines. Along the summit of the ridge 
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of this arch is a series of 6 narrow groups 
of spines, the profile view of the ridge re¬ 
sembling a jaw with wavy line of teeth. The 
inner side of the arch is a replica of the 
outer, 7-11, but with the individual rakers 
much smaller, and alternating with those on 
the outer side. 

In the 185 mm. fish the rakers have be¬ 
come somewhat shorter and less erect, with 
the spines short, except those at the summit 
which are long and curved inward. The line 
of ridge spines has grown down, sending 
triangular areas over each side, alternating 
v\ith the rakers proper. This stage is very 
similar to that found in the adults of some 
of the pike perches {Stizosfcdion ). 

Along the hypobranehial these form a 
closely interlocked pattern of alternating 
triangles. These almost fuse with the dental 
armature of the basibranchial. Along the 
periphery of this latter area the teeth are 
thick, sharp and peg-like, giving place al¬ 
most at once to the rounded molars typical 
of the large areas of the oral cavity. 

In the adult fish the rakers are short and 
Ihick, projecting only slightly above the 
level of the ridge, and with all the spines 
short. The descending areas have reached 
half way down the side of the arch, and be¬ 
lt )\n them, and between the bases of the 
lakers, new, small, spiniferous patches have 
developed. On the hypobranehial the patches 
are so continuous that only with difficulty 
can all 4 rakers be distinguished. In fact the 
adult arch is almost solidly covered with a 
spiny coat, out of which the original rakers 
project as low mounds. 

Relative to the length of the fish, the 
rakers and gill-filaments are longer in the 
\oung than in the adult. 

Teeth. 

The teeth, as developed in an old transi¬ 
tional adolescent of 185 mm., are of two 
distinct types, first, sharp and curved ones, 
in rows or small clusters, but not villi form; 
and, second, low, blunt molar-like teeth in 
patches. The former are well-developed on 
the premaxillary and the mandible. In the 
young and half-grown fish they are in two 
distinct rows, but in the adults these be¬ 
come less apparent, and may merge into 
wider bands, 4 or 5 teeth deep. There is a 
slightly curved row of teeth on the vomer, 
which laterally merge into the narrow, elon¬ 
gate patches of the palatines. 

In the back of the mouth, the 1st epibran- 
chial shows only a very slight concentration 
into a patch, blit on the 2nd, 3rd and 4th 
arches there are developed increasingly 
larger pharyngeal-epibranchial patches of 
teeth, all of the same type as those on the 
jaws. These, especially the ones on the 3rd 
and 4th arches, are directly opposed to the 
two large, triangular patches on the 5th 
ceratobranchials. 


The molar type of teeth is segregated in 
mid-mouth, in three large, palatal patches, 
the central one on the parasphenoid, and the 
two lateral on the entopterygoids (not, as 
Fowler has them in his type description of 
Dixonina nimoptera , on the sphenoid and 
pterygoids). The tongue is fleshy with only 
the most minute rugosities. The 1st basi¬ 
branchial is armed solidly with a great con¬ 
vex mass of the molars. The anterior half 
of the 3rd basibranchial is similar. 

The two types of teeth are everywhere 
distinct in the 185 mm. fish, except on the 
3rd basibranchial patch where they are in¬ 
termediate, pointed, but much thicker and 
coarser than the jaw teeth. They are on 
their way to the change in the adult to the 
true molar type. 

The opposite of this is seen in the full- 
grown fish, where a scattering of true molar 
teeth, intermediates, and typical gill-raker 
teeth are found intermingled, in intimate 
association in small patches on the hypo- 
branchials of the 1st gill-arch. These are 
typical gill-raker patches, distinct from the 
large basibranchial molars. They seem to 
exhibit a distribution in reverse, secondarily 
outward and away from a dominant molar 
concentration. 

Fish Number 28,051 b, a young transi¬ 
tional adolescent of 80 mm. has the entire 
edge of the premaxillaries toothed for a dis¬ 
tance from the snout-tip back of 0.7, fol¬ 
lowed almost unbrokenly by a 2.8 mm. 
toothed edge of the maxillaries. On the lat¬ 
ter there are only about twelve. The teeth 
on the premaxillaries and on the mandible 
are in two distinct rows, and distinguished 
by the decided divergence of the angles of 
direction, the first row almost straight, and 
those behind pointing obliquely back and 
into the mouth. The outer row is slightly 
larger and more even, but all are strongly 
curved and quite slender. 

In front of the upper jaw, on the whole 
Nentral surface of the snout, the skin is 
covered with minute but hard spicules. 

The three palatal patches are fairly well 
defined in this young fish, rounded in out¬ 
line and convex, but each tooth, although 
rounded, possesses a sharp point, while 
many of those along the outer rim of the 
palatines are curved and more slender, half¬ 
way between the two extremes of teeth. 

About i mm. behind the symphysis of the 
upper jaw, lies the triangular vomer, its 
apex projecting forward, and the dentulous 
area confined to the posterior base. These 
vomerine teeth form a slightly irregular 
line, about 10 to 18 in all. They almost, but 
not quite, join on each side 1 with the teeth 
of the palatines. 

Adult female, No. 20,131, length 352 mm., 
has the premaxillaries toothed throughout, 
in about five rows in front, dwindling to 
one at posterior end. All are fairly slender. 
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slightly curved and sharp. All trace of teeth 
has gone from the edge of the maxillaries. 
The vomer has a straight line of teeth, 
slightly curved in front and containing 
about four rows. This area merges into the 
lateral palatine teeth, which form elongate 
areas, curved along outer outline, straight 
inside, four to six rows, narrowing behind 
to two. Teeth as in premaxillary but 
straighten 

Twenty-two mm. behind the vomerine 
teeth, begins the large, oval, median patch 
on the parasphenoid. This is 30 by 12 mm. 
On each side, also oval, but more elongate, 
with the inner margins almost touching the 
median patch, are the entopterygoid patches, 
32 by 10 mm. The posterior end of the 
median area extends to between the second 
gill-arches, while the lateral patches cut into 
only the first arch. All three patches are de¬ 
cidedly convex. These teeth are molar-like, 
mosaics of low, smooth, rounded mounds, 
largest on the top of the convexities. 

On the base of the tongue, covering the 
basibranchial, 18 mm. back of the fleshy 
tip, is a fourth molar patch, 9 by 10 mm., 
very steeply convex, sending hack a narrow 
ridge over the center of the first arch, and 
ending on the third. This patch fits neatly 
into, and fills the space between, the three 
palatal patches, forming a most efficient 
grinding apparatus. 

Digestive System. 

The oesophagus extends straight back 
from the pharynx for 40 mm. enlarging 
abruptly into the dead white stomach, a 
cylinder about 50 mm. long bv 30 mm. in 
diameter. Posteriorly, this mid-section of 
the stomach narrows rather sharply into a 
long (50 mm.) tapering, blind finger. From 
the level of the oesophageal entrance, a 
large rounded diverticulum extends 35 mm. 
forward, with a diameter of 25 mm., lving 
directly over and ventral to the oesophagus. 
On the left side this forward extension of 
the stomach is exposed, its tissues distin¬ 
guished by being darker than the stomach 
proper. Its top and entire right side, and 
most of the same side of the stomach as 
well, are covered solidlv with the large, con¬ 
centrically curved, white caeca. There are 
15 main caeca, but 5 of these are bifurcated 
for one-fifth to one-half of their length. 
Each caecum is distinctly separated from its 
fellows bv heavy bands of dark pigment. 
The attaching tissue is very slight, and the 
whole caecal mass readily peels away to its 
basal line of intestinal attachment. 


From the summit of the anterior di¬ 
verticulum, the intestine arises, extending 
straight back to the anus, a length of 145 
mm., with the caeca occupying the first GO 
mm. The lobes of the liver are very unequal, 
the left 65 by 25 mm. and the right 30 by 
15 mm. The former extends around anil 
down over the middle third of the stomach, 
to beyond the mid-ventral line, while the 
smaller lobe overlies the anterior caeca. The 
slight amount of fat, chiefly a linear mass 
along the ventral line of the caecum, is 
bright orange. 

In a 90 mm. Disoniwa (28,051 b) the 
stomach is relatively much more slender 
than in the adult, and the posterior blind 
end is not finger-like, but an undifferenti¬ 
ated posterior extent of the stomach, von 
slightly less in diameter. The caeca are 13 
in number and relatively larger, both indi¬ 
vidually and in general extent. The anterior 
part of the stomach, the hardly distinguish¬ 
able mid part and the entire posterior por¬ 
tion are all crammed with small mv<ids, 
shrimps and euphausids. 

Adipose Kyf-md. 

The adipose eye-1 id was so looseh at 
tached that a considerable number of sand 
grains had worked beneath it. With a little 
careful manipulation 1 got the entire mass 
off whole. It was attached most firmlv an¬ 
teriorly at the tip of the snout, below the 
nostril, and above the eye. In fact the an¬ 
terior portion was attached while almost 
the whole posterior, much of the ventral and 
the postero-superior areas were loose. 

EXPLANATION OF THE PLATES 
Pi ate 1. 

Fur. 1. Disannul pacified , sp. nov. Holonpi, 
adult female, No. 26,131, Port CulehiM, 
Costa Rica. January 24, 1938. Stand¬ 
ard length 352 mm. 

Fig. 2. Outer right gill-arch of Disannul pa¬ 
cified, transitional adolescent. Stand¬ 
ard length 80 mm. 

Fig. 3. Outer right gill-arch of Disannul pa¬ 
cified , transitional adolescent. Stand 
ard length 185 mm. 

Plate II. 

Fig. 4. Outer right gill arch of Diximiva pa 
cifica , adult female, holotype. Stand¬ 
ard length 352 mm. 

Fig. 5. Bend of outer right gill-arch of Dix¬ 
on ma pacified, adult female, holotype 
Standard length 352 mm. 
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Notes on Tschudi’s Types of Peruvian Birds. 

Herbert Friedmann & H. G. Deignan* 


A little over a century ago, J. J. von 
Tschudi, the earliest important ornithologi¬ 
cal explorer of Peru, made a sizable collec¬ 
tion of birds in that country. Among these 
specimens he found and described a large 
number of new forms, most of which are 
considered valid today. His collection went 
to the Museum of Neuchatel, Switzerland, 
from which institution, in 1866, the United 
States National Museum received 27 speci¬ 
mens of birds, mostly mounted--the con¬ 
signment being marked “Types of Tschudi’s 
Fauna Peruana.” We have recently redis¬ 
covered these birds scattered through the 
collections and ha\e made use of the occa¬ 
sion to go over them carefully. 

We find that most of them must be re¬ 
garded as types, or at least as polypes. 
Tschudi described his new forms in the 
Archivfur Naturgoschichte, 1842 and 1814, 
and in his “Untersuchungen iiber die Fauna 
Peruana.” 1811-46. In no case did he desig¬ 
nate a definite specimen as the type or even 
intimate whether he had one or more speci¬ 
mens before him, or state an explicit, re¬ 
stricted, type locality. Inasmuch as his de¬ 
scriptions were all written after his collect¬ 
ing work was complete, it is reasonable to 
assume that all his birds were available to 
him at the time of his studies and that, 
therefore, in the absence of true holotypes, 
all of his paratypes (which would include 
all of his original series' must be consid¬ 
ered as cotypes, except where the descrip¬ 
tion. for one reason or another, does not fit 
a particular specimen. 

Herlepsch & Ilellmayr (Jotnn. fur On n, 
1005, pp. 6-20) reported on Tschudi’s types 
in the museum at Neuchatel, apparently un¬ 
aware of the fact that a considerable num¬ 
ber of specimens had been sent away many 
years before. In fact, they merely discussed 
the Tschudi types they found at Neuchatel 
and made no comment on the forms de¬ 
scribed by Tschudi but no longer to be 
found there. The birds now in the United 
States National Museum fill in a good num¬ 
ber of these omissions as well as revealing 
a number of cotypes of the forms still repre- 

* Published bv pernrnsion of the Secretary of the Smith* 
Konian Institution. 


sented (in 1905) in Neuchatel. The speci¬ 
mens now in Washington, which we con¬ 
sider to be of type or cotype status, are 
listed below. Our specimens of forms which 
Kerlepseh & Hellmayr found to be repre¬ 
sented (by “type”—only three!) at Neu¬ 
chatel in 1905 are considered cotypes; those 
which they failed to find at Neuchatel are, 
in lieu of other known specimens, considered 
to be types. If other specimens should be 
found in other museums, some of the types 
herein listed would, of course, become 
cotvpes. 

Penelope adspersa Tschudi 
Ortalis guttata adspersn (Tschudi). 

Atchiv tur Nntin yrxchichte, ix. H), 184.1. ,*186 
(Peru, “frequenter in sylvis”; eastern 
Peru). 

Tape: V S. Nut. Mus. 11932; Perou. 
Chapman {Bull. 117, U. S. Xat. Mm s\, 
1921, 41) writes that two males from Kio 
Cosireni have the throat and breast darker 
with tin* margins of the feathers whiter and 
more clearly defined than in example-* from 
southeastern Colombia; and that, if the dif¬ 
ference should prove to be constant, they 
should be known as O. (f. adsp<)stts. One of 
these Kio Cosireni birds is before us and 
agrees quite well w r ith the unsexed type, ex¬ 
cept in tuning the upperparts more olive, 
less reddish-brown, and in being larger. 
The measurements of the two are as fol¬ 
lows: type, unsexed. wing 185, tail 206, 
eulmen from base 21 mm; Rio Cosireni, /, 
w ing 203, tail 211, eulmen from base 21 mm. 

The type has the entire un derpa rts 
slightly more brownish than the Rio Cosi¬ 
reni example, but its general brownishness 
may be partly due to foxing. 

Charadrius Winterfeld* TsoVuirti -- 
Aphrisa virgata (Gmelin). 

Archin fur Natiugeschichtt\ ix, 1813 388 (“in 
Oceani Magm littoribus”). 

Type: U. S. Nat. Mus. 41933; original 
label lost, but locality entered in catalogue 
in 1866 as Valparaiso. 

That Valparaiso, Chik, may be the actual 
type locality is not to be ruled out of con¬ 
sideration, as in his “Travels in Peru, Dur- 
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ing the Years 1838-1842” (transl. by 
Thomasina Ross, 1849, p. 25), Tschudi de¬ 
scribes birds seen for sale and at large in 
the harbor of Valparaiso on his way north 
to Peru, and he may have obtained his speci¬ 
men of the surf bird there. The type is a 
bird in winter plumage and has the follow¬ 
ing dimensions: wing 102, tail 58, culmen 
irom the base 20 mm. 

Columba frenata Tschudi — 

Oreopeleia bourcieri jrenata (Tschudi). 

Archie fur Naturgeschichte, ix, (1), 1843, 380 
(*’in sjlvis Antium dechvitatis orientalis,” 
Pei u — eastern slopes of the Andes of Peru). 

Type: U. S. Nat. Mus. 41931, unsexed; 
Perou; Wing 100.5, tail 94.5, culmen from 
base 21 mm. 

The type is somewhat foxed. It has been 
compared with a male from Rio San Miguel, 
Peru, from which it differs in being more 
rufescent above, the rump and tail lighter 
and brighter, and in having the breast 
paler, much less grayish, more of a pale 
cinnamon drab and the sides, Hanks, and 
under tail coverts much more rufescent. In 
his description of (). b . subynsia, Chapman 
( Amcr. Mus. Novit . no. 31, 1922, p. 2) re¬ 
fers to the underparts of his new lorm, 
“. . . as in O. jrenata , the breast pale drab- 
gray instead of cinnamon-drab or drab; 
center of abdomen slightly paler than 
breast, pale smoke-gray rather than drab as 
in most specimens of bourcieri; lower tail- 
coverts grayer.” This is rather contusing, 
as the type of jrenata is the brownest of all 
on the underparts. The Rio Sail Miguel 
bird, which was identified as frenata by 
Chapman (Bull. J17 C. N. Nat. Mus. t 1921, 
p. 47 ) is intermediate between typical hour- 
rieri (from El Ruble and Almaguer, Colom¬ 
bia, and Zaruma, Ecuador) and the type of 
frenata. We have seen no specimens of sub- 
grist a and can only call attention to the 
possibility of its range extending southward 
to northern Peru, making the ltio San 
Miguel specimen within its limits of varia¬ 
tion, or the possibility of northern Peru and 
southwestern Ecuador being inhabited by 
variable intergrades between typical bour¬ 
cieri and frenata, not constant enough to 
warrant nomenclatural standing. 

Columba meloda Tschudi 

Zenaida asiatiea meloda (Tschudi). 

Archiv fur Naturgeschichte, ix, (1), 1843, 385 
(“frequenter in regionibus ealidis praeciput* 
declivitatis Antium occidental is” ~ western 
slopes of the Andes in Peru). 

Type: U. S. Nat. Mus. 41930, unsexed; 
Perou; wing 177, tail 125, culmen from base 
27.5 mm. 


Conurus mitratus Tschudi = 
Aratinga m Ur ala mitrata (Tschudi). 

Archio fur Naturgeschichte , x, (1), 1844, 304 
(Peru — Chanchamayo Valley; Zimmer, Field 
Mus. Nat. Hist. Puhl. ZooL, ser. xvii, 1930, 
203). 

Type: U. S. Nat. Mus. 41926, unsexed; 
Perou; wing 189, tail 151, culmen from cere 
31.5 mm. 

Conurus rupieola Tschudi -r-: 
Pyrrhura rupieola (Tschudi). 

Archie fur Naturgeschichte , x, (1), 1814, 301 
(Peru). 

Cotype: LI. S. Nat. Mus. 41925, dis¬ 
mounted specimen, unsexed; “Perou”; wing 
133, tail 100 f , culmen from cere 16 mm. 

Another cotype is in the British Museum 
(Cat. Birds Brit. Mus., xx, 1891, 225). 

In his account of his journey. Tschudi 
(Travels in Peru, transl. by Thomasina 
Ross, 1849, p. 176) states that he found this 
bird together with the next one, abound¬ 
ing in the coastal region south of Lima, 
which may be taken as a more restricted 
type locality. The pose of the present 'dis¬ 
mounted) specimen agrees with that in the 
figure of Tsebudi’s Untersuchungen Leber 
die Fauna Peruana (PI. 26, tie. 1 >. 

Psiltavus tumultuosus Tschudi 
Pionus tumultuosus (Tschudi). 

Archie tut Satin gt sellable. x, (1). 18H, 30 1 
(Peru). 

Type : U. S. Nat. Mus. 11927. disrrm mttd 
bird, unsexed; Perou; wing 171, tail 79, c il 
men from cere 26 mm. 

The type locality may be more definil-]\ 
stated as the coastal region south of lama, 
where* Tschudi writes (Travels in Peru, 
transl. by Thomasina Ross, 1819, p. 176 ‘ ne 
found this parrot to abound . . in tin* val¬ 
leys along the coast,” and to . . commit 
great depredations in the maize fields.” 

Ps'Jtacus mereenarius Tschudi 
Amazona mercenaria mervenaria 

(Tschudi). 

Archie fur Naturgeschichte , x, (1), 1844, 303 
(Peru). 

Type V. S. Nat. Mus. 41928, unsexed, 
Perou; wing 198, tail 93, culmen from cere 
30 mm. 

Caprimulgus ocellatus Tschudi 
Nyctiphrynus ocellatus ocellatus 

(Tschudi). 

Archie fui Nat in gcschichte , x, (l), 1841. 268 
(Peru). 

Type: U. S. Nat. Mus. 41912, unsexed, 
Perou; wing 131.5, tail 122, culmen from 
base 20.5 mm. 

Peters (Check-list Birds World, iv, 1910, 
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196) considers brunnescens Griscom & 
Greenway to need confirmation before 
recognizing it. We have a single Brazilian 
bird which by locality may be either brun¬ 
nescens or oceUatm and find it to be duskier 
than the type of ocrllatus as it should be 
according to Griscom & Green way if it were 
brunnescens but otherwise it disagrees with 
their description, being brighter, more ru- 
foscent brown than ocellalns. These writers 
stale that brnmiescevs has a general light 
chocolate brown coloration while ocellatus 
is bright rufous brown. The reverse is true 
of the two birds before us. The birds are of 
comparable antiquity, the Brazilian speci¬ 
men being from the U. S. Exploring Expedi¬ 
tion's collection, so there should be no dif¬ 
ferential foxing. The validity of brun- 
nvscnis is therefore very doubtful, as indi¬ 
vidual variation seems to be greater than 
was supposed. 

Capita glaucogularis Tsehudi ~ 
Capita versicolor glaucogularis 

(Tsehudi). 

Airhir far Naturyeschiehti, x, (1), 1X14, 301 
( Peru). 

Cohjpt : V. S. Nat. Mus. 41920, unsexed 
'female by plumage); Perou; wing 71.5, 
tail SI, culmen from base 22 mm. 

While there seems to be no reason to con¬ 
sider this specimen as less likely a type than 
the others, it should be noted that in some 
details it agrees only approximately with 
the colored plate 'plate 24, fig. 2 in 
Tschudi’s Untersuchungen Ueber die Fauna 
Peruana). Thus, in the plate the crimson 
pectoral band extends entirely across the 
posterior end of the blue throat whereas in 
the specimen before us it is not quite so 
extensive; the green of the upperparts is 
lighter, slightIv more yellowish in the bird 
than in the plate and tin* centers of the 
upper wing coverts not as dark as in the 
figure. The specimen, which is a “taken 
down” mounted specimen may, of course, 
have faded somewhat. It is also possible that 
the plate was made from another specimen, 
which is our reason for calling our bird a 
cotype. 

A female of vcrstcolor from Idma, Peru, 
is very similar to the typo of ytaucoynlaris 
and differs onlv in having the crown and 
occiput less yellowish and the yellow margin 
of the upper and posterior edges of the 
auricular area more distinct. 

Chamaeza olivncea Tsehudi - - 
Chamaeza brevicauda olivncea 
Tsehudi. 

Archie far Naturgcschichte, x, (1), 1844, 279 
(Peru; restricted by Ilellnuiyr, Cat. Birds 
Amer., iii, 1924, 293, to Montana de Vi toe. 
Dept. Junin, Peru). 

Type: U. S. Nat. Mus. 41916, unsexed, 


dismounted bird; “Perou”; wing 96.5, tail 

65.5, culmen from base 22.5 mm. 

Anabates montanus Tsehudi = 
Anabacerthia striaticollis montanus 

(Tsehudi). 

Archiv fur Naturgcsch ichte, x, (1), 1844, 295 
(Peru; = wooded region of Peru, between 
1(P and 12° South Lat.). 

Coiypc: U. S. Nat. Mus. 41923, unsexed, 
dismounted bird; “Perou"; wing 90, tail 75, 
culmen from base 17 mm. 

Other cotypes exist in Neuchatel, and in 
the British Museum (Sclater, Proc. Zool. 
Soc. Load 1871, p. 86). 

In identifying the specimen we follow the 
nomenclature of Bangs (Bull. Mas. Comp . 
Zool., lxx, 1930, p. 252) rather than of 
Hellmayr < Cat. Birds Amer., iv, 1925, 195). 

Anabates ochrolaemus Tsehudi = 
Automolus ochrolaemus ochrolaemus 

(Tsehudi). 

Archiv far Naturyeschichte, x, (1), 1844, 295 
(Peru -- forest region of Peru, between 10 
and 12' South Lat.). 

Cotyp( : U. S. Nat. Mus. 41915, unsexed, 
dismounted bird; “Perou”; wing 83, tail 74, 
culmen from base 22 mm. 

Other cotypes are in the British Museum 
and the Museum at Neuchatel. 

Dendrocolaptes chunchotambo Tsehudi 
- Xiphorhynchus chunchotambo 
chunchotambo (Tsehudi). 

Archiv tar Naturyeschichte , x, (1), 18H, 295 
(Pci u - Chanchamayo Valley, Peru) . 
Cotype: U. S. Nat. Mus. 41918, unsexed, 
dismounted bird; “Perou”; wing 103, tail 
90, culmen from base 35 mm. 

Other cotvpes exist in the Neuchatel and 
British Museums. 

The present specimen has been discussed 
bv Zimmer « Amer. Mus. Nor it. no. 756, 
1924, p. 17). 

Elaenia viridiflava Tsehudi — 
Tyraitniscus viridiflavus (Tsehudi). 
Archiv far Naturyeschichte , x, (1), 1844, 274 
(Peru — “coast region of Peru,” orroiv rz. 
tropical zone of central Peru). 

Cotype: V . S. Nat. Mus. 41921, unsexed, 
dismounted bird: “Perou”; wing 58, tail 

48.5, culmen from base 9.5 mm. 

There is another cotvpe in the museum 
at Neuchatel (referred to as the type by 
Hellmavr, Cat. Birds Amer., v, 1927. p. 
474). 

This specimen is paler above, the feathers 
without the darker centers, when compared 
with TschudPs colored figure 'Untorsuch- 
ungen Ueber die Fauna Peruana, pi. ix, 
fig. 2). 
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Leptopogon superciliaris Tschudi = 
Leptopogon superciliaris superciliaris 

Tschudi. 

Archiv fur Naturgeschichte , x, (1), 1844, 275 
(Peru = fringes of the forests of central 
Peru,—Montana of Vitoc, Dept. Junin, Hell- 
mayr, Cat. Birds Amer., v, 1927, p. 485). 
Type: U. S. Nat. Mus. 41917, unsexed, 
dismounted bird; “Perou”; wing 75, tail 
63.5, culmen from base 14.5 mm. 

Pipra chloromeros Tschudi — 
Pipra chloromeros Tschudi. 

Archiv fur Naturgeschichte, x, (1), 1844, 271 
(Peru ~ monlanas of “northwestern” Peru; 
~ valley of Vitoc, Dept. Junin; Hellmayi, 
Cat. Birds Amer., v, 1927, 25). 

Type: U. S. Nat. Mus. 41924, unsexed 
uxdult male by plumage), dismounted bird; 
Perou; wing 59, tail 24, culmen from base 
10.5 mm. 

Cyphorhinus ihoracicus Tschudi - 
Leucolepis thoracica thoracica 

(Tschudi). 

Archie fin Natm grsch ichtc, x, (1), 1844, 282 
(Peru montanas of Uehubamba, ntai Vitoc*, 
Dept. Junin). 

Cotype: U. S. Nat. Mus. 41922, unsexed, 
dismounted bird; Perou; wing 68, tail 18, 
upper mandible broken. 

This specimen is listed as a retype rather 
than as a type because Ilellmayr ( Cat. Birds 
Amer., vii, 1934, p. 287) whites “(type in 
Neuchatel Museum)/' Yet, Berlepsch & 
Ilellmayr (Jo uni. fm ()//?., 1905, 6 20), in 
their paper on the Tschudi t\pes at Neu- 
chatel, do not list this species. 

Tschudi's colored figure ( Untersuchungen 
Uober die Fauna Peruana, 1846, pi. 16, fig. 
1) is very pool’. The type has the face, chin, 
throat, and breast much more rufescent and 
much brighter than the published figure. 

Ptilogonys leu cot is Tschudi 
Entomodestes leucotis (Tschudi). 

Archie fur Nat m gcschtchfc, x, (1), 1844, 270 
(Peru). 

Cotype: II. S. Nat. Mus. 41908, unsexed, 
dismounted bird; Perou; wing 106 5, tail 
106, culmen from base 21 mm. 

Baird (Itev. Amor. Birds, pt. 1, 1866, 
p. 432-433) has described this specimen in 
detail. He writes that the bird is one “. . . of 
Mr. Tschudi’s types, presented to the 
[Smithsonian] Institution by the Museum 
of Neuchatel. It is moulting a considerable 
portion of its feathers, which somewhat ob¬ 
scures its characters, and it may oven be a 
young bird not yet arrived at maturity.” 
It does not seem probable that the specimen 
is immature. It apparently is an adult in 
moult, especially on the chin and sides of the 
head. 


Berlepsch & Hellmayr failed to find any 
“type” of this bird in Neuchatel in 1905, 
but Hellmayr (Cat. Birds Amer., vii, 1934, 
445) writes “type in Neuchatel Museum.” 

Tanagra analis Tschudi = 
Iridosornis analis analis (Tschudi). 

Archiv fur Naturgeschichte , x, (1), 1844, 287 
(Peru ~ Valley of Vitoc, Dept. Junin; Hell¬ 
mayr, Cat. Birds Amer., ix, 1936, 179, foot¬ 
note) . 

Cotype: U. S. Nat. Mus. 41919, unsexed, 
dismounted bird; Perou; wing 82, tail 69, 
culmen from base 13 mm. 

Another cotype exists in the British Mu¬ 
seum (ex Sclater coll.) according to Sclater 
(('at. Birds Brit. Mus., xi, 1886, p. 142). 
Ilellmayr (Cat. Birds Amer., ix, 1936, p. 
179) states “type in Neuchatel Museum,” 
but in his earlier paper with Berlepsch, 
made no mention of this species among the 
Tschudi types still in that museum. Zimmer 
(Fi(ld Mus. Nat. Hist., ZooL so xvii, 1920, 
413) writes that the “type may have come 
from near Lima since Tschudi sa.v^ . . the 

species was common in the fruit gardens of 
Lima, he did not find it further north or 
east . . .” However, Hellmayr (cit supra) 
writes (from subsequent knowledge 4 of the 
range* of the* bird ) that Tschudi’s statement 
is a mistake, and suggests the* restricted 
type locality given above*. 

Tanagra frugilegus Tschudi - 
Thraupis honariensis dartvinii 

(Bonaparte). 

A i elm fm \a tin fj< scinch ft, x , (1), 1811, 2S6 
(Peru - pi oh. fmit gardens of lama). 
Cotypi ’ l T . S. Nat. Mus. 41913, unsexed, 
(male by plumage); Peru (original laud 
lost i ; w’ing 85. tail 73, culmen from base* 
i 1 mm 

Another cotype w T ent to the* British Mu¬ 
seum (Cat. Birds Brit. Mus., xi, 1886, 
p. 165). 

(Iissopis minor Tschudi 
(Assopis leveriana leveriana (Gmelin). 

Untersuchungen Fauna Peruana, (Wes, 1816, 
p. 211 (wooded legion of Peru; Chaeaj 
baniba ?). 

Cotype: U. S. Nat. Mus. 41914, unsexed, 
dismounted bird; Chacaybamba, Peru; 
4.8.39 (August 4 or April 8, 1839); wmg 
112, tail 135, culmen from base 20 mm. 

The data as to place and date are* on the* 
original field label in what is probably 
Tschudi's own caligraphy. The other sped 
mens listed in this paper have only the 
original museum exhibition labels, which 
this bird has as well, and which merely read 
—“Perou. Voyage de M. Tschudi.” 

Hellmayr (Cat. Birds Amer., ix, 1936, 
439) states that the type (— another co- 
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type) is in Neuchatel Museum, but in 1905 
he and Berlepsch failed to find it there. 

Arremon frontalis Tschudi = 
Atlapetes brunnei-nucha brunneUnucha 

(Lafresnaye)# 

Archiv fur Naturgeschichfe t x, (1), 1844, 289 
(Peru ■= eastern wooded region between 8° 
and 9° lat. south and Jaen de Bracamoras, 
Peru). 

Cotype : U. S. Nat. Mus. 41911, unsexed 
bird; original label lost; wing 79, tail 85, 
culmen from base 21 mm. 

Although no type of this bird was found 
at Neuchatel in 1905 by Berlepsch & 
Hellmayr, the latter author (Cat. Birds 
Amer., xi, 1938, p. 413) states that a type 
is there. We therefore consider the present 
specimen a cotype. 

Included with these types in the consign¬ 
ment from the Neuchatel Museum were four 
other Tschudi specimens which are not of 
type status. For the benefit of students 
wishing to unravel the synonymies of the 
species involved, they are listed below, to¬ 


gether with references to the names under 
which Tschudi listed them. 

Ortygonax rytirhynchus rytirhynchus (Vieil- 
lot). 

Rallus caesins (not of Spix) Tschudi, Unters. 
Fauna Peruana, 1844-46, p. 301. 

One spec., U. S. Nat. Mus. 41934, (Perou). 

Columba plumbea delicata Berlepsch & Stolz- 
mann. 

Columba infuscata , Tschudi, Unters. Fauna 
Peruana, 1844-46, p. 275. 

One spec., U. S. Nat. Mus. 41929, (Perou). 

Thamnophilu* melanochrous Sclater & Sal- 
vin. 

Thamnophilus luctuosus (not of Lichten¬ 
stein) Tschudi, Archiv . fur Naturgeschichte, 
x, (1), 1844, p. 278. 

One spec., U. S. Nat. Mus. 41910, (Perou). 

Molothrus bonariensis occidentals Berlepsch 
& Stolzmann. 

Icterus brevuostris (not of d’Orbigny and 
Lafresnaye) Tschudi, Archiv. fur Nat urge- 
schichte , x, (1), 1844, 292. 

One spec., TJ. S. Nat. Mus. 41909, (Perou). 
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A Revision of the Kingfishers, Ceyx erithacus and rufidorsus. 

S. Dili-on Ripley 


These two species of kingfisher are im¬ 
portant members of the lndo-Malayan 
avifauna. For many years their identifica¬ 
tion has proved a stumbling block and a 
\ery large amount of literature has collected 
around them. The most recent discussion of 
the problem, that of Chasen & Kloss (1929 >, 
has served to clear up many difficulties. 1 
believe, however, that one or two interesting 
facts remain to be pointed out, and it is in 
an effort to do so that 1 have turned to these 
species in this paper. 

Kingfishers in general tend to show a con¬ 
stancy of plumage pattern which is strik¬ 
ing. Certain characteristic colors reappear 
again and again. Some colors, as brown and 
yellow, seem to be closely linked and substi¬ 
tute for each other with great regularity. 
Plumage patterns are nearly uniform 
throughout the family. In the case of these 
two species of ('<yx, the color and size re¬ 
semblances are so particularly close that the 
conclusion that these birds are very nearly 
rotated seems inescapable. 

The next nearest relation of these two 
species is i't px melanin ns with three races 
from the Philippines. 

I am much indebted to Mr. J. L. Peters 
for reading oxer this manuscript as well as 
to the authorities of the United States Na¬ 
tional Museum, the Academy of Natural 
Sciences of Philadelphia and the American 
Museum of Natural History for the loan of 
specimens. In the following discussion all 
measurements are in millimetres, the wing 
pressed flat against the ruler, and the bill 
measured from the distal end of the external 
aaris to the terminal point of the maxilla. 

For easy identification of these two 
species, it might be well to insert here a key 
by which identification can be made. 

A. Upper parts rufous with a lilac wash. 

a. Forehead with a dark blue-black 
spot . ... C. erithacus. 

b. Forehead spot absent . ... C. 
rufidorsus. 

a'. A patch of ultramarine in the 
supraocular region . . . C. erith¬ 
acus. 

b'. Supraocular patch lacking .... 
C. rufidorsus. 


a". Scapulars black with an ultra¬ 
marine wash . ... C. erithacus. 
b". Scapulars rufous with a lilac w r ash 
. ... C\ rufidorsus. 

a' Wing coverts black tipped with 
ultramarine . . . X\ <rithacus. 
b' ". Wing coverts rufous tipped with 
lilac . ... C. rufidorsus. 

Ceyx erithacus erithacus (Linnaeus). 

Alredo althaea Linnaeus, Sys. Nat. 10, T. p. 

115, 1758. 

Description: For the adult bird see 
Sharpe i1892, p. 175). The rufous on the 
bend of the wing often extends to the lesser 
wing coverts. 

Juvenal birds are distinguished from 
adults by several characteristic features. 
The bill is rather short and pale, often 
dusky at the base. On the upper surface the 
plumage is the same as the adult, but the 
scapulars tend to be tipped rather than 
washed with ultramarine. Instead of being 
washed with lilac, the feathers of the lower 
back sometimes are tinted with cobalt. The 
tail is often, but not invariably, tipped with 
black. Ilelow, Juvenal and immature birds 
show a very characteristic plumage. The 
throat is pure white not tinted with yellow. 
The lower cheeks, flanks, thighs, under tail 
coverts, and a band across the breast and 
upper abdomen are rufous, sometimes with 
an orange tint. 

M(asurt menfs: Wing, : 5‘>-58.5 (55.8), 
,> 55-60 (56.8). Tail, t 20-23.5 <22.0), 
? 2.15-24.5 (23.1 >. Wing-tail index 38-42^. 
Hill, from naris, / and V, 25 28.2 (27.2). 

Ran<)( : Fey Ion through the lowland 
coastal parts of India It) Nepal, Assam, 
Burma, fid° Stuart Baker (1927), the Ma¬ 
lay Peninsula, Siam, Indo-China. southern 
China, Hainan, Andaman Ids, small islands 
in the Straits of Malacca and off the Malay 
Peninsula, coast of Sumatra. 

Specimens Examined : Sixteen. 

Discussion: This form is well established 
in continental Asia but only sparingly dis¬ 
tributed among the islands. Such a distri¬ 
bution indicates a later origin than that of 
rufidorsus which has extended into the 
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Greater and Lesser Sunda area. The latter 
having become established in the Greater 
Sundas and adjacent islands, there has been 
a secondary infiltration perhaps in two 
waves by erithacus, which has succeeded in 
colonizing a few of the small islands not 
already reached by rufidorsus (Nicobars, 
Nias) and in competing with the latter 
species in the larger continental areas (Ma¬ 
lay Peninsula, Borneo). 

From the evidence afforded by specimens, 
Sumatra seems to be primarily the home of 
rufidorsus. I have examined the type of 
Ceyx enopopygius (Oberholser, 1912) and 
concur with Chasen & Kloss (1929) in their 
belief that it is an unusually bright imma¬ 
ture specimen. The measurements of this 
specimen (wing 57.5, tail 25.5, bill 27.7) are 
not different from normal <rithaeus. The 
only other examples of erithacus from Su¬ 
matra are two males listed in Laubmann 
(1925). These three records are from 
coastal localities and this coupled with 
Robinson & Kloss* (1922) record of this 
species as being a bird commonly killed at 
one of the lighthouses in Malacca Strait 
leads me to suspect that the Sumatra rec¬ 
ords are accidental. These birds in contrast 
to Ceyx rufidorsus (Robinson, 1917) are 
subject to erratic local movements which re¬ 
sult in isolated records appearing all over 
the islands of Malacca Strait and the ad¬ 
jacent Sumatran coast. This is a subject 
which should be studied more carefully. It 
is possible that some physiological dispersal 
mechanism is at work here which may be 
akin to migration. 

Ceyx erithcu'us macrocarus Oberholser. 

Ceyx' enthacus man ocarutt Oberholser, lhill. 

98 , V. S. Nat. Mas., 25, 1917. 

Description : Differs from enthacus by 
being larger. The forehead spot is smaller 
in two examples. 

A nestling, A.M.N.H. 657008, is colored 
as the adult except for the reduction of the 
ultramarine wash on the scapulars back and 
median wing coverts to a series of spots. 
The shaft and the terminal part of the tail 
are black. Below the bird is similar to young 
of enthacus. This specimen was collected 
Oct. 4, 1905. 

Measurements: Wiug, <$ 58-60.8 (59.4), 
9 61. Tail, 6 28.-24 (28.4), 9 24.5. Wing- 
tail index 39-40. Bill, 6 and 9 30-31 (30.4). 

Range: Great Nicobar, Nicobar Ids. 

Specimens Examined: Five. 

Discussion: The most significant charac¬ 
ter of this race is its larger size, especially 
in bill measurements. It is interesting that 
the Andamans seem to be populated by 
typical erithacus. This is in contrast to the 
usual case in which Andaman and Nicobar 
populations tend to be identical. A single 
male from South Andaman (A.M.N.H. 


637011) is characteristically of the smaller 
subspecies. This particular specimen is 
notable for a very heavy blue forehead spot 
which extends back broadly onto the crown. 

In order to check on the above measure¬ 
ments, I have estimated the probability of 
these two populations being identical by use 
of the formula of T for deviations from the 
mean in small samples as discussed by 
Simpson & Roe (1939). This formula allows 
a very critical estimation when, as in this 
case, the combined samples of adult speci¬ 
mens are less than fifteen. By using the 
formula on the wing, tail, and bill measure¬ 
ments, T proves to be very significant for 
the bill (6.0), significant for the wing (3.1) 
and insignificant for the tail (1.5). Thus 
even on the basis of the bill alone, macro¬ 
carus is a justifiable race. 

Ceyx erithacus motleyi Chasen & Kloss. 
Ceyx enthacus motleyi , Chasen & Kloss, 
Fest^ch. fur E. Uaiteit, Jouin. /. Onuth „ 
p. 106, 1929. 

Description: This and the following two 
races differ from enthacus and man oca) us 
by having the rufous tinted with lilac of 
the pileum and nape extending down on the 
back and continuous with the lower back 
and rump. The rest of the plumage, how- 
ever, is similar to the typical subspecies. 

The immature plumage differs from the 
adult as in enthacus. 

Miasun ments: Wing, f 57.5-60.5 (59.5) 
Tail, S 22-24 (22.8). Wing-tail index 86-89 
Bill, 3 28.5-80 (29.1). 

Range: Borneo, Banguey Is, Labuan (?). 
Spicimcns Exannmd: Five. 

Discussion: The confusion resulting over 
the description of Ceyx dillwynni and 
sharpa from Borneo w r as finally resolved by 
Chasen & Kloss (1929). 1 believe, however, 
that they were mistaken in assuming 
Sharpe’s plate of dill icy mu (1868-71 ) to be a 
representation of an immature specimen of 
iftfidorsus. I have before me two male adult 
specimens (M.C.Z. I97J35, 197136) which 
correspond very closely to Sharpe’s plate. 1 
believe that they are hybrids between m- 
fidorsus and motleyi. From a careful exami¬ 
nation of the specimens it is difficult to 
escape the conclusion that where erithacus 
overlaps into the range of rufidorsus, 
hybridization has occurred. Indeed Sharpe 
had apparently already begun to suspect 
this by the time that he was working on the 
Catalogue of the Birds in the British Mu¬ 
seum. In that volume (1892) he transfers 
his original description of dillwynni to a 
description of what is now motleyi and lists 
several dubious specimens which he re¬ 
marks may be “in changing plumage . . • 
or are hybrids.” A description of some of 
these specimens may be appropriate at this 
point. 
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(1). M.C.Z. 197135, d, ad. Kalabakang 
R., Borneo, coll. July 7, 1937. H. G. Deignan. 
Above this specimen is similar to typical 
motleyi, but the forehead spot is very much 
reduced as is also the supraocular patch of 
ultramarine. The capulars are washed with 
ultramarine, but tipped with pale lilac. The 
lesser and median wing coverts are strongly 
rufous (more so than in Sharpe's plate). 
The distal outer margins of the secondaries 
as well as the inner margins are edged with 
rufous. Below the bird is similar to the 
adult of either rufidorsus or crithacus. 

<2). M.C.Z. 197136, d , ad. Kalabakang 
R., Borneo, July 14, 1937. H. G. Deignan. 
Above this specimen lacks any hint of fore¬ 
head spot and again the supraocular patch 
of ultramarine is nearly gone. The scapulars 
are as in motleyi, but some of the upper 
median wing coverts are rufous and the 
greater wing coverts and outer margins of 
the secondaries are irregularly tipped with 
rufous. 

(3). M.C.Z. 197134, J , ad. Sandaken, 
Borneo, June 18, 1937. H. G. Deignan. Above 
this specimen is uniformly rufous with a 
lilac ^ash. There is no trace of either fore¬ 
head or supraocular spot. The scapulars pre¬ 
sent a curious violet tone from the mingling 
of ultramarine and lilac washes. The lesser 
median wing coverts are rufous. The greater 
wing co\ erts are black with a bluish-lilac 
subterminal wash and rufous edgings. This 
bird stands almost exactly in an intermedi¬ 
ate position between motleyi and rufidorsus. 

1 4 i. M.C.Z. 69608, ad. Linibang, Sa¬ 
rawak. Borneo, no date. Above this bird has 
a forehead spot and supraocular spot. The 
scapulars are, however, predominately ru¬ 
fous-lilac. The lesser and median M ing cov¬ 
erts are rufous, the greater strongly tipped 
M y ith ultramarine. 

(5). M.C.Z. 69610, ad. Borneo, 1915. 
H. W. Smith. Above this bird is similar to 
rufido) sits. IIoM f ever, it is an adult specimen 
and so should not have curious patchy black¬ 
ish and ultramarine tinted scapulars. The 
wing coverts are similar to rufidorsus ex¬ 


cept that there is a hint of ultramarine on 
the tips of some of the greater one. 

(6). M.C.Z. 69609, o im., Kuala Treban, 
Sarawak, Borneo, Feb. 28, 1918. An imma¬ 
ture hybrid is of interest. Above this speci¬ 
men shows a prominent forehead spot and 
the merest trace (two feather tips) of a 
supraocular patch. The scapulars are black 
with a few faint tips of ultramarine. The 
lesser and median wing coverts are largely 
rufous, the greater are black, washed with 
ultramarine and with faint rufous edgings. 
Below this bird is typically immature, hav¬ 
ing a “white throat and strongly rufous 
cheeks, flanks, and breast band. 

The above specimens represent almost a 
complete transition from erithaeus motleyi 
to rufidorsus rufidorsus. Each bird repre¬ 
sents a greater or less blending of the dis¬ 
tinctive characters of the two species. Here 
indeed is an interesting example of two 
closely related forms of kingfisher which do 
not quite satisfy any of the concepts of 
taxonomy or speciation. On the one hand the 
color of the back is so different that many 
taxonomists would consider these birds to 
belong to two species. Others might lump 
them, if it M r ere not for the over-lapping of 
their ranges. From the speciation point of 
vieM r they do not conform either to a Super¬ 
species or to a rasseukreis. And yet the 
birds would satisfy any geneticist as to 
their close ancestry by their apparent readi¬ 
ness to hybridize. 

Shown on a linear scale, the characters of 
these hybrids indicate quite clearly their 
intermediate position. Letting certain car- 
acters equal certain numbers we arrive at 
an arbitrary scale as follows: 


(i it hai u \ 
moth \i 

Forehead spot present—0 

Supraocular spot present—0 
Scapulars blue—0 

Lesser & median 

wingcoverts black—0 

Greater wing 

coverts black—0 


t uftdttrui f 
i u futon HA 

absent—10 
absent—10 
rufous lilac—10 

rufous—10 

rufous—10 



motleyi rufidorsus 

Text-fig. 1. The numbers on the left are those of the individual specimens. The base 
line represents the scale from motleyi to rufidorsus. At the end of each specimen's line 
is the figure representing the sum of its characters. 



58 


Zoologica: New York Zoological Society 


[XXVIL: 10 


By adding up each specimen's score and 
dividing by five we arrive at the following: 

The original description of Ceyx dill- 
wynni Sharpe (1868) would have sufficed 
for the local race of cr it haem s*, if it had not 
been for the fact that not only did Sharpe 
not mention a supraocular patch as occur¬ 
ring on his type, but Salvadori (I860) spe¬ 
cifically says that it did not have one. 1 
cannot find a single undoubted specimen of 
the species erithacus which does not possess 
this spot. Any specimen, therefore, coming 
from Borneo or Sumatra or the Malay 
Peninsula (as will be seen later) which 
is an adult but does not possess either the 
forehead spot or supraocular patch, and yet 
which has ultramarine on scapulars or wing 
coverts must be considered to be potentially 
a hybrid. 

Ceyx erithacus captus Ripley. 

Ceyx erithacus captus Ripley, Proc. New Eng. 

Zool. Club , \IX, 15, Dec. 2D, 194J. 

1 >c script Urn : This race differs from mot¬ 
ley i by its longer bill and slightly larger 
size, and by reduction of the forehead spot 
which is lacking in one specimen. This last 
character was not mentioned in the original 
description due to the fact that the question 
of the hybrid population of motlvyi has not 
been elucidated. 

From erithacus this race differs as 
motlvyi. 

I have seen no immature specimens. 

Mtasun meats: Wing, ? 59.5-62.5 (60.8). 
Tail, J 28-24 t 25.6). Wing-tail index 89-40. 
Bill 32-88.5 (32.6). 

Range : Nias I. West Sumatra. 

Sped mi ns Ea a m i in d : Th ree. 

Discussion : It is interesting to note that 
captus , as monacal us, differs from its near¬ 
est relative by size. In this case it is tin* bill 
which is notably larger. Like man oca ms, 
also, the forehead spot and the supraocular 
patch are much reduced. 

Ceyx erithacus vargasi Manuel. 

Ceyx ciithucus vargasi Manuel, Phil , Journ. 

Science , 69, No. 4, 883, Aug., 1989. 

Desn ipttou : Differs from motlvyi , which 
if otherwise closely resembles, by the reduc¬ 
tion of the lilac wash on the upper surface. 
In the specimen examined this wash occurs 
only in a supraorbital stripe ending in an 
ultramarine supraocular patch, and on the 
lower back, two areas where the color is 
most highly concentrated in motlvyi . The 
ultramarine wash on the scapulars also is 
reduced to the tips of one or two feathers. 
The specimen examined, though otherwise 
in adult plumage, has a black shaft and a 
black strips along the middle of the terminal 
half of the tail feathers. 

Measurements (one female) : Wing 56.5. 
Tail 24. Wing-tail index 42. Bill 28.5. 

Range: Mindoro I., Philippine Islands. 


Discussion : The existence of this popula¬ 
tion of Ceyx erithacus was only discovered 
in 1989 by Manuel who noticed that two 
specimens of Ceyx had the blue supraocular 
patch not found in rufidorsus. It is worth 
noting that Ceyx melanurus behaves in a 
strictly representative way in the Philip¬ 
pines with rufidorsus, while erithacus has 
incurred on the range of rufidorsus on 
Mindoro. 

Ceyx rufidorsus rufidorsus Strickland. 
Ceyj rnfidorsa Strickland, Pioc. Zool. Soc. y 

p. 99, 1 846. 

Ceyx innominate# Salvadori, Atti R. A wad. 

Sci . Tonno , IV, p. 465, 1869. 

Description : Above, rufous washed with 
lilac, scapulars and w 7 ing coverts as the 
back, primaries black, the first edged wdth 
rufous, secondaries black edged with rufous 
Ordinarily this species lacks a dark fore¬ 
head spot (three times present in 25 ex¬ 
amples) and an ultramarine supraocular 
patch (twice present in 25 examples). Below 
the throat is white, the rest ot the under- 
parts being rich yellow 7 . 

Immature birds differ from the adult by 
having less of the bright lilac wash on the 
rufous upper parts. A nestling (A.M.N.ll. 
(>.“>7014 ) from Gunong Talian. Pahang, Ma¬ 
lay Penin.. collected in November, has black 
scapulars tinted with rufous and with one 
or two faint spots of ultramarine. The wing 
coverts tend to have rather more black than 
the adult. The tail is entirely rufous. Belovs 
the throat and belly are while, the cheeks, 
flanks, and a band across the abdomen 
rufous. 

An immature male from Fast Jin a 
(A.M.N.ll. 687081) collected in August, has 
(nmplolelv rufous scapulars. This bird is 
one of the specimens which has an ultra- 
marine spot above the ear. Below it agree** 
with the other specimens. 

An immature female from Borneo 'AM. 
N H. 687055) collected in September, has 
blackish scapulars overlaid with rufous and 
a black-tipped tail. 

Me osurntu uts (adults): Wing, 1 50.5- 
60.5 (58.2), 9 59.5 60.5 (60). Tail, * 22.7 
25 (28.7, 9 24-24.7 (24.2). Wing-tail index 
39 41. Bill, from naris, J and 9, 27-02 
(28). 

Rangi : Malay Peninsula, Rhio and 
Lingga Islands, Banka, Billiton, Sumatra, 
Siberut, Kipora, Java, Bali, Lombok, Sum- 
baw’a, Flores, Kangean, Bawean, Borneo, 
North Natuna, Anamba Ids, and Philip¬ 
pines, Palawan, Balabac, Mindoro, Tawi- 
tawi, Bongao, Calamianes. 

Sp< cim< ns Exa mined : Twenty-one. 

Discussion: Several specimens from the 
Malay Peninsula and Sumatra have been 
noted w T hich appear to be hybrids. 

(1). An adult female (A.M.N.ll. 637027) 
from the Deli district of Sumatra, Van 
Heyst coll., has a prominent forehead spot 
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and an infusion of ultramarine in the supra¬ 
ocular area. The scapulars, lesser and me¬ 
dian wing coverts are mixed with black and 
ultramarine. 

(2) . Another adult female (M.C.Z. 17707 ) 
from Benkoolen, Sumatra, has a prominent 
forehead spot and blackish scapulars and s 
wing coverts irregularly spotted with traces 
of ultramarine. 

(3) . A juvenal male < U.S.N.M. 180199) 
from Kateman River, E. Sumatra, collected 
in August, has the forehead spot and black 
tipped with ultramarine scapulars of eritha¬ 
cus, but it lacks the supraocular patch. The 
terminal half of the tail along the shaft of 
the feathers is black. 

(4) . An immature specimen from Great 
Karimon Id., K. Sumatra, (U.S.N.M. 
180198) collected in May, has a black fore¬ 
head patch and mixed scapulars, black and 
rufous, with lilac and ultramarine spots. 

(5) . A male molting into adult plumage 
(A.M.N.II. (>‘17012) from western Pahang, 
Malay Peninsula, collected in January, has 
the blue forehead spot and supraocular 
patch of aithacuis. However, the wing cov¬ 
erts, as in some of the Bornean hybrids, an* 
mainly rufous. 

These specimens indicate clearly that 
wherever the range of these two species 
overlap, there is a pronounced tendency to 
hybridization. From them it is clear that 
any specimen from Sumatra, the Malay 
Peninsula or Borneo, which seems to be 
adult but has either of the following com¬ 
binations, must be suspect. 

Hybrid Type A : Forehead spot and supra¬ 
ocular patch present, but scapulars and wing 
co\erts largely rufous. 

Hybrid Type B: Forehead spot and supra¬ 
ocular patch absent, but scapulars and wing 
coverts largely black with an ultramarine 
wash. 

Specimens from Java tend to be slightly 
smaller, but tests for the significance of 
these data by the formula of T , show that 
the differences are not valid and the name 
iunommat us cannot be upheld. 

Ceyx rufidorsus jungri ssp. nov. 

Type: M.C.Z. no. 178157, 6 ad., collected 
by K. Jacobson and W. C. vatilleurn, July 
28, 1913, Ajer Dingin, Simalur 1. 

Diagnosis: From C. r. rufidorsus this race 
differs by its larger size. 

Measurements (of type): Wing 62, tail 
26, bill 31.5; (of series): Wing, J 62-64.5 
(63.2), 9 62.5-63.5 (63). Tail, 9 25-26 
(25.5), 9 25.5-26.5 (26). Wing-tail index 
39-42. Bill, t and 9,30.5-32 (31.3). 

Range: Simalur and Batoe Ids, Tanah 
Massa and Tanah Bala. 

Specimens Examined: Seven. 

Discussion : This race is decidedly larger 
than rufidorsus from the rest of the range. 
It is interesting to note that the bill meas¬ 
urements, tnough averaging larger, are not 


significantly so when the probability is com¬ 
puted by standard deviation. Birds from 
Siberut and Sipora, as listed by Chasen & 
Kloss (1926), agree in size with typical 
rufidorsus . Here again, as in the two races 
of Ceyx erithacus on small islands north 
and west of Sumatra, this population of 
kingfishers differs from its nearest rela¬ 
tives by larger size. This race is named in 
honor of Dr. G. C. A. Junge of the Leiden 
Museum who has always been interested in 
East Indian birds. 

Conclusion. 

Ceyx erithacus and rufidorsus are closely 
allied species and might be considered con- 
specific w r ere it not for the fact that their 
ranges are overlapping. In the Malay Penin¬ 
sula, Sumatra and Borneo where this oc¬ 
curs, specimens w*ere examined w T hich show 
hybrid characters indicating that the earlier 
confusion in the nomenclature was probably 
due to this phenomenon. Ceyx rufidmsus is 
considered to be the older species duo to its 
more extensive range. 
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ll. 

On the Reproduction of Gobiosoma robustum Ginsburg. 

C. M. Breder, Jr. 

New York Zoological Society. 

(Plates I & II; Text-figure 1). 


Introduction. 

The small and active goby, Gobiosoma 
robustum Ginsburg, inhabits a wide range 
of territory on the west coast of Florida 
near the field station of the New York 
Aquarium located on Palmetto Key. There 
appears to be nothing whatever in the 
literature on the habits or behavior of 
this common fish. The observations and data 
presented herewith were gathered inci¬ 
dental to studies of the life histories of 
other species in this region i see Breder 
1989a and b. 1911a and b). Mr. M. B. Bishop 
of Yale University, Mr. L. A. Krumholz of 
the University of Illinois and Mr. B Dontzin 
of Cornell University all rendered valued as¬ 
sistance in connection with this study. 

This species, differentiated from related 
forms by Ginsburg (19:18), represents the 
only member of the genus found occuring 
near tin* laboratory. Here it is abundant and 
may be taken in numbers among the man¬ 
grove roots and on open sandy beaches. 
Dredging brought it up from depths as 
great as twenty feet, which represents the 
deepest of this shallow bay in the vicinity 
of the laboratory. It was taken in such 
equipment over all of the various types of 
bottom, such as grassy places, sponge beds, 
scallop beds, sand bars and even over soft 
spots of tiocculent mud. 

The individuals of this form are exceed¬ 
ingly variable. Fowler (1941) figures six 
patterns represented in his material. Some 
of the pattern differences are referable to 
sex but they are so overlaid with individual 
vagaries that exact description becomes dif¬ 
ficult. Nevertheless with a little experience 
it is possible to sex individuals with reason¬ 
able accuracy. 

^ Shropshire (1982) figures the young of a 
Gobiosoma under the name Gobiosoma moles - 
turn. It is impossible to tell just which form, 
under present terminology, he had. G. moles - 


turn Girard is now a synonym of G. hosei 
(Lacepode ) but as Shropshire thought his 
material was not the latter it is possible 
that he was actually dealing with (7. robus¬ 
tum as here understood. 

There is no confusion about the identity 
of the present material as the fish were 
taken guarding their eggs and furthermore 
all other specimens in our collections are 
referable to this one species, and it is the 
only form definitely known to be living in 
the vicinity. I)r. I. Ginsburg, the describer 
of G. robustum , was good enough to check 
over this material and compare it with his 
large series of both species. 

Nesting and Nesting Sites. 

Gobiosoma lobustum may be found with 
its eggs from March to June, at least. At 
first this finding led to the assumption in 
the field that there were more than one 
species included. However, since a critical 
study of the incubating fishes shows them 
to be referable to a single species, it follows 
that this form has a long spawning period 
which reaches from thi* coldest to the warm¬ 
est period of the year. It may well be that 
actually spawning is in progress at all 
times, which, if true would account for the 
relatively small number of nests encoun¬ 
tered at any one lime, compared with the 
abundance of individuals in the region. 

The nests so far located have all been in 
shells or sponges. Usually the eggs are 
found hanging from the underside of some 
surface, but are not necessarily in such a 
position. Plate I, Figure 1, shows the two 
valves of a Peeten shell with the eggs at¬ 
tached to what had been the lower shell and 
the guarding male with them. This fish con¬ 
tinued caring for the eggs with the shell in 
its open position. 

Courtship and Parental Care. 

Apparently only the males guard the 
eggs, as females have never been found in 
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the vicinity of nests. The males fan and 
work over the eggs in a manner reminiscent 
of a fresh water darter. Beyond this noth¬ 
ing was noted in the matter of specialized 
behavior. Although the males would attack 
small animals, such as other gobies, the 
slightest disturbance of a larger sort would 
usually cause them to retire. They would 
return as soon as the disturbance subsided. 

Although we were not successful in hav¬ 
ing this species spawn in aquaria, several 
males established themselves in sheltered 
places which they would defend against the 
intrusion of their tank mates. From such 
locations they would sally forth to court 
nearby females. This was done with much 
spreading of the fins, especially the dorsal, 
accompanied by short darts near or at the 
female. This was usually carried on until 
she retreated. The coloration of the male at 
these times became intense and dark, nearly 
black, in most cases; most notably so on the 
widely extended first dorsal fin. 

The largest male seen was 34 mm. in 
standard length. This is the fish shown in 
Plate 1. The smallest mature and ripe male 
seen was 16.5 mm. Ripe females examined 
ranged from 16.5 to 21.5 mm. Apparently 
the males not only reach a larger size but 
average somewhat large*r than the females 
as well. Smaller individuals grading down 
to those of a few millimeters are present 
both summer and winter, again indicating 
a long if not continuous reproductive season. 

The Eggs. 

The elongate eggs are attached by one 
end to a matted base of adhesive threads. 
They are evenly elliptical but there is an 
apparent seasonal difference in their pro¬ 
portions. Those taken in March average 
rather differently than those taken in June 
according to the following schedule, meas¬ 
ured on living eggs and given in mm. 


dropping out. In this connection the differ¬ 
ences in the spawning times of Opsanus tau 
and Opsanus beta discussed by Breder 
(1941a) is suggestive. 

The winter eggs are shown in six stages 
of development in Text-fig. 1. When first 
found they appeared as in “A,” March 14, 
3:45 p.m. The yolk and germinal parts are 
opaque and slightly yellowish. The elliptical 
envelope is clear and without markings. 
Attachment is at one end by means of a 
tangled mass of adhesive strands. The na¬ 
ture of this material is better shown in the 
photographs of PI. II. In many of the eggs 
the yolk was nearer to the upper tip than 
to the center. Numerous exceedingly small 
droplets, hardly visible at lower powers, 
were scattered over the surface of the yolk 
as indicated in the sketches. Twenty-two 
and a quarter hours later the eggs appeared 
as shown in Text-fig. 1, “B.” At this stage 
the swelling of the large head was espe¬ 
cially prominent. In an additional twenty-six 
and a quarter hours the embryo was well 
formed and appeared as in Text-fig. 1, “(Y* 
Both yolk and embryo presented an opaque 
appearance. After twenty and one-quarter 
hours more the embryo had reached the pro¬ 
portions shown in Text-fig. 1, At no 

time was there a sufficient transparence to 
evidence much of the internal structure 
The side view seen in Text-fig. 1, “E,” when 
the egg was twenty-one hours more ad¬ 
vanced, shows some of the vertebral frag¬ 
mentations By the time an additional 
twenty-seven and one-half hours had passed 
the heart was evident and beating slowly 
and the tail gave spasmodic twitches. 

These figures cover a period of 117 1 1 
hours during which time the temperature in 
the incubating dishes ranged from 15.5 to 
18.5° C. It was noted that some of the egg> 
w r ere not as advanced as others, indicating 
at least more than one spawning. These iig- 


No. of eggs Months 

8 March 

2 June 

10 All 


Length 
Average Maximum 
1.62- 1.70 

1.35 1.40 

1.57 1.70 


Minimum Average 
1.55 0.62 

1.30 0.50 

1..i0 a Mi 


Width 

Maximum Minimum 

0.70 0.60 

0.50 0.50 

0.70 0.50 


These differences would seem to be refer¬ 
able to seasonal effects, probably chiefiy 
temperature, controlling the speed of de¬ 
velopment of the ovarian eggs. Another pos¬ 
sible interpretation is that this is an ex¬ 
pression of incipient speciation, starting 
first with a prolonged spawning season fin¬ 
ally reaching over the extremes of summer 
and winter temperatures. Those fish most 
responsive to temperature variations, at 
either end of the long season, might be be¬ 
ginning to show slight differences in repro¬ 
ductive items, in this case egg size, finally 
leading to the establishment of tw'o fairly 
distinct forms with, perhaps, intermediates 


ures are based on the youngest eggs. By the 
time the last stage was reached they wen* 
practically equal, so far as gross examina¬ 
tion was concerned. Plate 11, Figures 2 and 
3, give some indication of the differences in 
the extent of advancement of the eggs, espe¬ 
cially if compared w r ith the sketches of Text- 
fig. 1. 

By March 24 all the eggs w ere dead, pre¬ 
sumably due to extreme temperature fluc¬ 
tuations in the laboratory. 

Discussion. 

The development of the eggs of Gobinsowa 
bond (Lacepede) has been described in de- 
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Text-fig. 1. Stages in the development of the eggs of Gohinsnma robustum. Camera 
lucida sketches of living material. A. An early egg as found in nest. B. 22% hours older 
than “A,” with cephalization well advanced. C. 48 1 a hours older than “A,” with the tail 
reaching well beyond the yolk. I). 68% hours older than “A.” K. 89% hours older than 
“A.” F. 117% hours older than “A,” with the heart beating and the embryo showing 
activity. 

tail by Kuntz (1916) and discussed at length such close species. The eggs of the latter 
by Hildebrand & Cable (1938). A compari- average slightly longer and wider than 
son of the present notes on G. robustum those of G. bosci, as is indicated by the fol- 
with these papers shows the details to be lowing tabulation of ranges in size, given 
quite similar, as would be expected on two in mm. 
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Long Short 

Species Diameter Diameter 

G. bosci 1.15-1.37 0.67-0.59 

G. robustum All 1.30-1.70 0,50-0.70 

Summer 1.35-1.40 0.50-0.50 

Winter 1.62-1.70 0.62-0.70 

It will be noted that the summer measure¬ 
ments are closer to those of G. bosci than 
those of the winter. The G. bosci material 
was likewise taken in summer. Hildebrand 
& Cable (1938) found young from May to 
December on the North Carolina coast, in¬ 
dicating a long season for this species also 
but with a winter interruption which is 
probably more a matter of geography and 
temperature than a specific difference. This 
strengthens the view that spawning may 
take place throughout the year on the much 
warmer Florida west coast. They found the 
young sometimes in the surface tows but 
more frequently in the bottom tows, indi¬ 
cating that they do not spend much time as 
plankton, an item also noted in the G. 
robust am material. Dip nets have found 
them in very small sizes clinging to float¬ 
ing drift, such as bits of plant stems, and 
it seems that most specimens taken in sur¬ 
face tows come from such locations, as oven 
in very small sizes they sink rapidly and 
are not given to much active swimming 
other than short darts between supporting 
objects. Apparently sustained swimming is 
a considerable effort for these fishes. 

The eggs of Gobiosoma and a number of 
related genera are remarkably similar as 
are their reproductive habits and it would 
be pointless at this place to discuss the per¬ 
haps minor differences of uncertain clarity 
until much more is known in greater detail 
about more of the numerous species. 
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EXPLANATION OF THE PLATES. 

Plate 1 

Fig. 1. Male (robiosoma tabu stum gum ding 
nest in an opened scallop shell. 

Plate IT. 

Fig. 2. Photomicrograph of the livmg eyes ni 
about the stage shown in Text-figuie 
1, A. 

Fig. 3. Photomicrograph of the living egg- m 
about the staeo of Text-figuie 1, E. 



PLATE I 
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Trichodina sphcroidesi and Trichodina halli spp. nov. Parasitic 
on the Gills and Skin of Marine Fishes, with Special 
Reference to the Life-history of T. sphcroidesi. 

Morton Padnos 

New York University 

& 

Ross F. Nigrelli 

New Yoik Aquarium 
Plates I III; Text-figures 1-4. 


Introduction. 

Marine members of the family Urceolarii- 
<lae have been described from several species 
of invertebrates and vertebrates. Among 
those parasitizing lish are the following: 
Tiichodina scorpanta Robin <1879) from 
the gills of Scoipacna and Triplet; T. lahro- 
nnn Chatton (1910) from two species of 
Sywphodw s*; and, T. faiiai da (Tinha & 
Pinto (1928) from the intestine of the 
smooth puffer, SpJtn oidi s testndinens. 
Fantham (1918, 1919, 1921, 1930» reported 
Trichodina from several fishes of which the 
following were definitely identified as new 
m his 1930 paper: Trichodina cl ini from 
(linns iaurcs, (\ supioci/iosns . (\ capensis , 
C. cottoidcs, ( f anpinUa ns. Pnslopoma hen - 
nctlii and Box sal pa; T. hbnm from Blcn- 
nins corn at us, T. in up il is from Mugil capita 
and T. cJielidoniehthys from Chi hdonichthijs 
cupen sis. 

Because of insufficient information on 
many of the above forms, it was extremely 
difficult to arrive at a definite conclusion as 
to the validity of these species. In the pres¬ 
ent studies, the waiters encountered two 
forms of Trichodina parasitic on the gills 
and skin of puffers {Spheroidf s mandat us) 
and other marine fishes from the New York 
and New Jersey coast. These peritrich eili- 
ates are easily distinguished from one an¬ 
other on absolute size and other characters. 
The one, a smaller and more abundant form, 
is designated Trichodina sphcroidisi. The 
other, larger in all respects and less fre¬ 
quently encountered, is called Trichodina 
halli. This species can easily be distin¬ 
guished from other Trichodina infesting 


marine fishes on the basis of body size and 
size and relationships of the organelles < see 
Table). 

Material and Methods. 

Between the months of June and the early 
part of October, from 1938 to 1940, about 
three hundred of the puffers taken in pound 
nets in Sandy Hook Bay were examined for 
Trichodina. Two hundred and forty-eight, 
or 82'<\ of the fish were found parasitized, 
the intensity varying considerably. 

A number of gill samples were fixed in 
Schaudinn’s fluid without acetic acid, and 
others were fixed in 30'? neutral formalin. 
The material was stained with Heidenhain’s 
iron-hematoxylin and Mallory's triple stain. 
A few 7 samples of those treated by the for¬ 
mer method were counterstainod with “light 
green/’ Only the Schaudinn-fixed specimens 
were found suitable for cytological studies. 
Studies on the adhesive disc and denticulate 
ring were made from both the Schaud inn 
and formalin fixed material. 

A combination of the Klein's (1920) sil¬ 
ver impregnation and the I)e Fano’s reduc¬ 
tion techniques was used to determine the 
ciliary pattern. Especially good results for 
such studies were obtained with material 
fixed with formalin. The samples were 
washed in five changes of distilled waiter, 
impregnated with a 5% solution of silver 
nitrate for a period of eight to twelve hours, 
and placed in darkness. Following the re¬ 
moval of excess silver nitrate solution the 
material w r as reduced in De Fano’s solution. 
The films were tones in a 3 f /r solution of 
sodium hydrosulphite and sodium anthra- 
quinone sulphonate (25:1). This method, 
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although not delicate enough to give a dis¬ 
tinct silvei line system, nevertheless effec¬ 
tively demonstrated the ciliary pattern, in¬ 
cluding the basal granules. 

Measurements were taken of the height, 
the diameter of the organism, the diameter 
of the adhesive disc* and of the denticulate 
ring. A count was made of the hook number 
on s* 11 mounted organisms. 

Host-Parasite Relationships. 

A \ariety of fishes indigent to the Sandy 
Hook aiea were found to harbor Trichodina 
(Nigrclii, 1940 >. The infestation on any one 
host species was never found as consistently 
or as intense as on the pullers. Insofar as 
could be determined, trichodiniasis among 
puffers was limited to fish on the Now York 
and New Jersey coast, for examination of 
this species from the coast of Massachusetts 
during part of the period of this investiga¬ 
tion did not reveal infection. 

A few migratory Trichodina were found 
moving about on the body surface of puffers. 
However, the heaviest infestation was al¬ 
ways on the gills. This may be attributed to 
the small opercular opening which encour¬ 
ages the concentration of these cibates in 
the gill chamber. 

The presence of red blood cells in food 
vacuoles of the parasites show that they are 
capable of considerable tissue destruction. 
This is indicated further by the fact that in 
exceptionally heavy infestation the gill 
epithelium was completely destroyed, leav¬ 
ing large denuded areas among the fila¬ 
ments. Such a condition results in the death 
of the host. 

Trichodina spheroidcsi sp. nov. 

(Text-fig. 1). 

D( sei ipt ion : Organisms turban shaped. 
Diameter ranges from 17-54 a; height from 
12-42 a. Two parallel rows of adoral, long, 
flexible, closel.v set, cilia present; cilia begin 
a short distance from the base of the pedun¬ 
cle', make one and a quarter clockw ise, spiral 
turns and terminate in the vestibulum just 
above the mid-sectional plane of the oral 
surface: cilia, shortened noticeably at a 
point near the entrance of the vestibulum, 
spirals twice along the w r all of the vesti¬ 
bulum and at the lower end are twisted to¬ 
gether; direction of this spiral, when viewed 
from the end of the vestibulum outward, 
also clockwise. Aboral region with two rings 
of cilia; one ring, fused to form a mem- 
branelle, attached to inner posterior surface 
of the velum; second ring of cilia, found 
between membranelle and outer surface of 
the adhesive disc, are more delicate and 
approximately half as long as those forming 
the membranelle. Adhesive disc is a deep 
saucer-shaped organelle, ventral in position, 


bordered on the dorsal side by the denticu¬ 
late ring and on the posterior side by the 
inner row of cilia; diameter of adhesive disc- 
ranges from 18-32 m; striae, present on in¬ 
ner and outer w r alls of the disc, are argento- 
philic. Denticulate ring non-argentophilic; 
diameter of the ring varies from 14-22 g; 
denticles of the ring with hooks on outer 
border and slender rays on inner border, 
joined together by triangular projections 
(Text-fig. 4) ; number of hooks varies from 
21-31. Macronucleus is typically horse-shoe 



Text-fig. 1. Ti ichodtna spher oidesi. Side viev\ 

950. Senu-diagrammatic* reconstruction from 
hematoxylin and silver nitrate preparations 
Ad. C.., adoial cilia; \., vestibulum; Ma., 
macionudeus; (1. V., contiactile vacuole; Mi., 
micronudcus; 1). R.. denticulate ling; Ad. I)., 
adhesive disc; V<%, velum; 1. innei ring of 
aboiul cilia; Ab. <k, outer ling of aboial (ilia 

shaped, with comparatively few basophilm 
granules; it lies in the posterior half of the 
cell, parallel to the doiv.nl plane of the ad¬ 
hesive disc; the open ends of the macromi- 
cleus extend to the oral side and surround 
the descending portion of tin* gullet, (’on- 
tractile vacuole lies close to the descending 
portion of the vestibulum and during trophic- 
life, fission and post-conjugative reorgani¬ 
zation, it is found in the posterior half of 
the cell. Trophic micronucleus small, lies 
close to the left tip of the macronucleus, 
during conjugation its position is variable. 

Remarks: Many individuals of this spe¬ 
cies were found to be infected with the suc- 
torian parasite, Endospliaera ntgdmanni. 
In such cases, position of the nuclei and 
other cytoplasmic contents may be greatly 
displaced. The above description is based on 
several hundred normal ciliates. Trichodina 
sphe voidest is distinguished from other 
Trichodina described from marine fishes by 
the presence of the inner ring of aboral 
cilia. 

Trichodina halli sp. nov. 

(Text-fig. 2). 

Description: Hemisphere or dome-shaped 
organisms. Diameter, taken at the base, 
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Text-fig. 2. A. Trichodina hath. Side view, x 950. Senu-dmgrammatic reconst met ion 
horn hematoxylin and silver nitrate preparations. Legend same as in Text-fig. 1. Note 
the absence of inner aboral ring of cilia. B. Denticulate ring. V 475. 


ranges from 15 86 a. Adoral cilia present, 
similar in arrangement and extent to T. 
^phnoidisi. Only one ring of aboral cilia 
e\j(lent; membranelle absent. Disc diameter 
varies from 41-81 n; striae present in two 
la>ers Denticulate ring thicker than in T. 
s iphuoidtn; diameter ranging from ,‘10 54 
u, denticles fitted together by the insertion 
of a cone-shaped protuberance* of one den¬ 
ticle into a corresponding depression in 
adjacent one (Text-fig. 2, B). Number ol 
hooks \aries from 26-24; hooks shaped and 
curved like a ship’s propellor blade and 
joined to the denticles at an angle so that 
w 7 hen observed on edge the broad area is not 
evident and they appear to be crescent 
shaped. Macronucleus as in T. spheioidesi, 
except that arms are longer and there are 
more basophilic granules present. Position 
of the micronucleus and other structures 
typical. 

Rcmaikx: Trichodina halli can be distin¬ 
guished from T. sphnoidesi in the follow¬ 
ing ways: (1) size of organism and organ¬ 
elles considerably larger, (2) ratio of disc 
diameter to the diameter of the organism as 
a whole is less, (3) denticulate ring thicker, 
U) shape and arrangement of denticles and 
hooks entirely different, (5) longer arms of 
the macronucleus, and (6) lack of inner 
ring of aboral cilia. 

The variation in size of both T. spheroid - 
esi and T, halli suggests that other species 
of Trichodina reported in recent years may 
have presented a like variation in range of 


measurement if sufficient numbers were 
studied. A iv\ie\v of the reported species 
shows that in very few instances was this 
range adequately determined. In the table 
below r a comparison of measurements of 
various structures of T. sphuoidtst and 
T. halli with the available data of some 
previously reported marine species is made. 
As may be seen from this table all the spe¬ 
cies, except T. halli , fall within the size 
range of T. sphoroidesi. The distinguish¬ 
ing features of most of these forms consist 
mainly in host specificity (?) and minor 
variations as to shape, ciliary pattern, na¬ 
ture of adhesive disc and denticulate ring. 
Since such information is not given in 
sufficient detail these organisms cannot be 
keyed out. 


TABLE I. 
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Binary Fission in Tiichodina spheroidesi . 
(Text-figs. 3 & 4). 

The stages of fission in T. spheroidesi 
correspond very closely to those described 
by Differ (1928) for the species of Tricho- 








Text-fig. 4. Tnehodina apho oidesL X 950. Iron-hematoxylin preparations. G, H, I, J, 
binary fission stages showing the final division of the macronudeus and the reorganiza¬ 
tion of the denticulate ring. (!. V., contractile vacuole; N. R„ new ring; O. K., old ring. 


diita from tadpoles. The trophomacronucleus 
undergoes vacuolization and clefts appear 
in the ground substance (Text-fig. 3, B). 
The macronucleus begins to condense while 
the chromatin granules, large in the trophic 
stage, become smaller in size and randomly 
distributed in the matrix. As the macro¬ 
nucleus contracts further, the micronucleus 
swells, eventually becoming spheroidal, then 
divides mitotically (Text-fig. 3, C, D, E). 
A metaphase stage of a dividing micro¬ 
nucleus is shown in Text-fig. 3 D. The mito¬ 
tic division continues as the macronucleus 
pulls apart, and two daughter micronuclei 
are formed before the macronucleus is com¬ 


pletely divided (Text-fig. 3, F; Text-fig. 4, 
G). 

Plasmotomy takes place about the time 
of the late telophase. A stricture appears in 
the ventral portion of the organism, and the 
adhesive disc and denticulate ring separate 
into approximately equal halves (Text-fig. 
4, G, H). Final cleavage of the macronucleus 
takes place and two daughter cells are 
formed (Text-fig. 4, H). 

Peshkowsky (1923) reported that during 
division of Triehodina steinii and T. mitra 
the adoral cilia, gullet and oontractile vacu¬ 
ole are absorbed. Careful study of the silver 
impregnated material, however, leads the 
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writers to believe that the adoral and the 
aboral zones of cilia, in T. apheroidesi at 
least, are retained throughout division. The 
fate of the vestibulum and the vestibular 
cilia could not be traced. In specimens 
stained with hematoxylin, it was observed 
that the contractile vacuole is retained also 
during cell division. It appears to cleave 
concomitantly with the cleavage of the 
macronucleus (Text-fig. 4, G). 

The anlage of the new denticulate ring 
(corona) is laid down as a delicate ring 
close to the posterior border of the adhesive 
disc before the onset of cell division (Text- 
fig. 4, G). This confirms the observations of 
Diller (1928). After the formation of the 
daughter cells the new corona gradually 
develops its denticles and hooks and takes 
up a more dorsal position on the adhesive 
disc. The rays are the last structure to be 
formed in the ring. Half of the old ring, 
carried over after cell division by each 
daughter cell, is pushed into the ventral plug 
of the cytoplasm between the aperture of 
the adhesive disc. Here it is slowly resorbed 
(Text-fig. 4, I, J). 

Conjugation in Trichodhta spheroids hi. 

(Pl. I III). 

Conjugation in T. spheroid(si is aniso- 
gamous and the process is very similar to 
that reported by Maupas (1888) for Voiti- 
cella ncbulifera (see also Doflein, 1927). 
The aboral surface of the mieroconjugant is 
fitted over the adoral surface of the macro- 
con jugant (Pis. I, II). They may or may not 
be oriented in the same direction. After the 
conjugants have assumed their respective 
positions, the micronucleus of each begins 
to swell, eventually becomes vesicular and 
passes from the original posterior position 
to a more central location in the cell (PI. 1, 
Figs. 1 -8). The macronucleus begins to 
show signs of vacuolization < PI. I, Fig. 2). 

At the time of spindle formation, the 
macronucleus twists and pulls apart into 
large coarse fragments (PL I, Fig. 3). 
These pieces continue to break up into small¬ 
er and smaller parts until minute spherical 
bodies with deeply staining granules are 
formed (PL 1, Figs. 4, 5, 6, 7, 8; Pl. II, 
Fig. 9). 

Micronuclear activity immediately preced¬ 
ing the metaphase period is not clearly de¬ 
fined (PL I, Fig. 4). It is possible that the 
micronuclei have a decreased affinity for 
iron-hematoxylin stain during these stages. 
The metaphase spindle, however, is clear 
and granular chromosomes can be identified 
about the center (Pl. I, Fig. 5). During the 
final fragmentation of the macronucleus, 
two micronuclear divisions take place in 
each conjugant (Pl. II, Fig. 10). 

It is of interest to point out here that 
conjugation in T. spheroidesi differs from 


conjugation in Vorticella vebulifera in that 
there are only two micronuclear divisions in 
each conjugant instead of three. 

Protoplasmic continuity is established be¬ 
tween the conjugating individuals (PL II, 
Fig. 11), and the contents from the smaller 
individual pass into the larger one (PL IJ, 
Fig. 12). It is assumed that the gametic 
nuclei (PL II, Fig. 10) then combine to form 
the synkaryon, and the remaining nuclei are 
resorbed. The remains of the microconju¬ 
gant collapse and the ensuing processes of 
conjugation are confined to the single large 
exconjugant (PL II, Fig. 13). 

At the onset of its first division, the 
zygotic nucleus develops a larger spindle 
than any of the dividing nuclei in the early 
stages of conjugation. It is assumed that 
three miiotic divisions subsequently occur, 
resulting in eight micronuclei. Seven of 
these become the macronuclear anlage and 
one the functional micronueleus (PL II, 
Figs. 14, 15). The functional micronucleus 
divides (PL II, Fig. 15) and in the cell divi¬ 
sion which takes place, the macronuclear 
anlage are distributed between the daughter 
individuals < PL III). The most frequent dis¬ 
tribution is three and four ( PL III, Figs. 16, 
17). However, the distribution ma\ some¬ 
times be two and five (PL III, Figs, 18, 19) 
or one and six. Cell division continues until 
each of the daughter cells formed contain 
one macronuclear anlage (PL III, Fig 20) 
The macronucleus then increases in size and 
develops its characteristic horse-shot* shape 

Reorganization of the denticulate ring 
occurs in the macroconjugant shortly after 
the fusion of the protoplasmic contents of 
the conpigants has occurred. Figures 12 and 
13 of Plate II show the newlv formed nng 
together with the remains of the old den¬ 
ticulate' ring. It should be pointed out that 
the original ring is present in preceding 
stages but is not shown in the figures for 
sake of clarity. It is of interest to note that 
the number of denticles in the new ring is 
invariably the same as the number present 
in the old ring. Such structures as the gullet, 
vacuole and cilia are present throughout 
conjugation. 

Discussion. 

Tt ichodina xpheroidesi is distinguished 
from other Tt ichodina of marine fishes by 
the presence of the inner ring of aboral 
cilia. Wetzel (1927) and Precht (1935) re¬ 
ported a similar observation for T. p<dicidus 
and T. scoploplontis, respectively. 

The double layer of striae in the adhesive 
disc observed by the writers in the two 
forms from the puffers have been previ¬ 
ously reported by Mueller (1932, 1938) for 
Trichodiva revicola and Vavehonn’a vephri- 
fica . Mueller (1938) refers to the inner 
group of striae as the posterior hard rays 
and the outer group as the anterior soft 



1942] 


Padnos & Nigrelli: New Species of Trichodina 


71 


rays. He further commented that the soft 
rays comprise a system of myonemes which 
connect with the posterior girdle of cilia. 
This duplex nature of the striae Mueller 
featured to distinguish members of the 
Trichodinidae found in the urinary tract of 
fishes (e.g., T. renicola and V. nephritica 
from Esox niyer and Esox masquinongy, 
respectively) from those found on the gills 
of certain fresh-water fishes reported by 
him in 1937. In the eiliates from the gills 
only the hard rays were present in the stri¬ 
ated ring. However, the occurrence of double 
striations in the forms described by the 
writers suggests that this feature may be 
more widespread than heretofore has been 
observed. 

The similarity of conjugation in Tricho- 
dina pediculus to that of certain members of 
the Vorticellidae was first pointed out by 
Busch (1855). Stages in conjugation among 
certain of the Urceolariidae have since been 
recorded and the same comparison made. 
Caullery & Mesnil (1915) reported stages 
in conjugation in Trichodina patellae 
(Cuenot) from a species of fresh-water 
mollusc. Peshkowsky (1923) described con¬ 
jugation in T. steinii and commented that 
this process was similar in all essential fea¬ 
tures to that observed in the Vorticellidae. 
Anisogamous conjugation was described by 
Zich <1928) for Urceolaria korschelfi, and 
by Hunter (1930) for two types of Tricho¬ 
dina found in the intestine of sea-cucum¬ 
bers. Diller (1928) described in detail en¬ 
domixis in Trichodina from tadpoles. He 
suggested that some of the evidence of con¬ 
jugation presented by Caullery & Mesnil, 
Peshkowsky and others were most likely 
stages in endomixis. The ondomictic stages 
described by Diller, however, conform close¬ 
ly to the nuclear reorganization in the post- 
conjugativc stages described for Trichodina 
spheroidesi . Diller makes a distinction be¬ 
tween ondomictic individuals and conjugat¬ 
ing forms on the basis of differences in 
shape of macronuclear fragments. Since 
the fragments in Diller's material are not 
unlike those observed in some of the stages 
in conjugation in T. spheroidesi this distinc¬ 
tion cannot be supported. Any other differ¬ 
ences that Diller may have noted are, in all 
probability, the result of examining too few 
samples of conjugation which he stated was 
present in his material. That he may have 
misinterpreted post-conjugation for endo¬ 
mixis is supported further by the similarity 
of his figure (PI. II, Fig. 14) of the first 
micronuclear division to the figure of the 
zygote nucleus in Vorticella nebulifera 
shown by Maupas (1888) (see Doflein, Fig. 
310) and in Trichodina spheroidesi (PI. II, 
Fig. 13). 


Summary. 

1. Trichodina spheroidesi and T. halli 
spp. nov. from the gills and skin of puffers 
( Sphcroidcs maculatus) and other marine 
fishes from the New Jersey and the New 
York coast are described. 

2. The processes of fission and conjuga¬ 
tion are described for T. spheroidesi. 
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EXPLANATION OF THE PLATES. 

Anisogamous conjugation in Trichodina 

spheroidesi. All figures drawn from material 

stained with iron-hematoxylin. < 950. 

Plate I. 

Fig. 1. Start of conjugation. 

Fig. 2. Macronucleus in the process of frag¬ 
mentation. Note lumping of nuclear 
material. Micronucleus in pre-meta¬ 
phase stages of meiosis. 

Fig. 3. First macronuclear fragmentation. 

Micronucleus still in pre-motaphase 
stage. 

Fig. 1 Further macronuclear fragmentation. 

Fig. 5. Metaphase of meiotie nucleus clearly 
evident. Fragmentation of the maeio 
nucleus continues. 

Figs. (>, 7, 8. Continued meiotie division and 
completion of fragmentation of the 
maeronucleus into many spherical and 
oval shaped bodies of various size. 

Plate H. 

Fig. 9. Continuance of the meiotie process 
seen in Fig. 8. 

Fig. 10. Second micronuclenr division. Note 
persistent gametic micronucleus and 
the degeneration of other three micro¬ 
nuclei in each conjugant. 

Fig. 11. Gametic nuclei in an early stage of 
fusion to give rise to the synkaryon. 
The other micronuclei completely dis¬ 
appeared. Note the completion of cyto¬ 
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plasmic continuity between the con- 
jugants. 

Fig. 12. The cytoplasmic contents of the micro- 
conjugant pass into the macroconju- 
gant. The new denticulate ring devel¬ 
ops while the old ring is resorbed. In 
this individual the macronuclear frag¬ 
ments are coarser than in the preced¬ 
ing stage. 

Fig. 13. Post-conjugant stage. Macroconjugant 
with largo zygotic nucleus in meta¬ 
phase stage. New denticulate ring and 
remnant of the old ring still present. 

Fig. 14. Initial stage in development of the 
macronuclear anlage. There art* sev¬ 
en of these* larger bodies present, in¬ 
dicating that three divisions of the 
zygotic nucleus had taken place*. 

Fig. 15. Further development of the macro¬ 
nuclear anlage. The start of the first 
binary fission. Micronucleus in meta- 
phase. 

Plate III. 

Figs. 1(5, 17. Daughter cells showing the three 
and four macronuclear anlage distri 
but ion. 

Figs. 18. 19. A two and five distribution of 
macronuclear material. 

Fig. 20. Each cell will continue to divide until 
only a single macronuclear anlage is 
present in each individual. The last 
step in this process is shown in this 
figure. 
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Mortality of Albino Embryos and Aberrant Mendelian Ratios in 
Certain Broods of Xiphophorus hellerii 

Myron Gordon 

New York Zoological Society 

(Text-figure 1). 


In a previous publication*- the author has 
shown that when the albino swordtail is 
mated with the golden variety, their off¬ 
spring resemble neither parent but revert to 
the ancestral gray coloration of the wild 
species. 

The author showed further that when the 
gray offspring of the above mating reached 
maturity and were mated together, brother 
to sister, the second generation population 
consisted of three color classes: 202 were 
“wild” gray, 05 were golden and 07 were 
albino. These frequencies approached the 
theoretical 9:3:4 ratio and were interpreted 
on the basis of the recombination of two 
independent autosomal factors: St I for 
“wild” gray, st l for golden and St i and 
st i for albino. 

To get the above data the results of four 
matings wore pooled, as Table I will show. 

Table I. 

Second Generation Offspring of Gray 
(Stst li) Swordtails. 


Female No. 

Gray 

Golden 

Albino 

70-4 

37 

12 

8 

70-5 

38 

13 

0 

70-0 

50 

15 

20 

70-7 

77 

25 

33 

Totals observed 

202 

05 

07 

expected 

188 

03 

83 


It was noted that there was a deficiency 
of albinos in the above totals, particularly in 
broods from females 70-4 and 70-5, yet the 
two independent factor hypothesis seemed 
most appropriate in explaining the results. 
This was confirmed when the Chi-Square 
test for significance was applied to the 
pooled data; the value of Chi-Square was 

1 1 wish to express my thanks to the Department of 
Birds of the American Museum of Natural History for the 
use of their laboratory in the Whitney Winj? of the Museum. 

2 Back to their Ancestors, Jout mil of ff credit v, 32: 
385-390. 1941 


found to be 4.18. However the value of Chi- 
Square for the first two broods alone was 
9.84 and indicates the deviations found here 
cannot be attributed to chance. 

Broods were obtained from three addi¬ 
tional females after mating with their gray 
brothers. The three females, 70-8, 70-9 and 
70-10, yielded ratios so obviously aberrant 
that counts of their young were not in¬ 
cluded in the original presentation because 
it was thought, at the time, that a contami¬ 
nating factor was involved in this portion of 
the experiment. Further study was under¬ 
taken to account for these unusual results. 

Reports from the laboratories of other 
workers and from our results as indicated 
in Table 1 pointed to a deficiency of albinos 
in genetic tests. This was attributed to the 
constitutional weakness of the albino indi¬ 
viduals. It was noted, for instance, that if 
the fishes of a brood are counted soon after 
birth and again after two months, the death 
rate of albinos is greater than that of the 
other color varieties. 

From this evidence it was suspected that 
the weakness of the albinos may be manifest 
early, perhaps in their embryonic stages of 
development. The three additional females, 
70-8, 70-9 and 70-10, that produced hardly 
any albinos in their first broods (see Table 
11), were killed three weeks after giving 
birth to their last brood. The females were 
dissected, fheir embryos were removed and 
counts were made of them. In each case an 
appropriate proportion of albinos was found 
among the gray and golden embryos. This 
may be seen in Table II. 

Discussion and Conclusions. 

It is obvious that the numbers of albinos 
are decidedly deficient among the young 
fishes from females 70-8, 70-9 and 70-10; 
the extremely high value of Chi-Square, 
42.46, indicates that the results obtained 
are not due to chance variation alone. On 
the other hand, the numbers of albinos 
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Text fig. 1. Embryos from gray females mated to gray males. 


Table II. 


Offspring of Gray (Stst Ii) Swordtails. 


Female No. 

Gray 

Golden 

Albino 


70-8 

38 

11 

2 

Young 


35 

10 

13 

Embryos 

70-9 

45 

10 

1 

Young 


40 

9 

12 

Embry 

70-10 

58 

18 

1 

Young 


40 

12 

17 

Embryos 

Totals: 




Observed 

141 

39 

4 

Young 

Expected 

103.5 

34.5 

46 


Observed 

115 

31 

42 

Embi yos 

Expected 

106 

35 

47 

found among the embryos of the 

same fe- 


males are in close harmony with expectancy. 
The slight deviations found may he at¬ 


tributed to chance, for the Chi-Square value 
is low, 1.75. 

In light of all the data, the gray females 
tested may be divided into three groups ac¬ 
cording to their ability to produce viable 
albino swordtails. Females 70-8, 70-9 and 
70-10 fail in this respect almost completely; 
females 70-4 and 70-5 fail to produce an 
adequate number according to expectancy; 
females 70-0 and 70-7 have the ability to 
produce viable albino young in normal 
numbers. 

Thus the deficiency of albinos in certain 
broods must be attributed not only to the 
low viability of the albinos themselves but 
also to some failure in the abilitv of the 
albinos’ mothers to carry their complete 
broods through to birth. 
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The Schooling Behavior of Mackerel: A Preliminary 
Experimental Analysis. 

Arthur Shlaifer 

New York Aquarium & U. S. Fish & Wildlife Service^ Woods Hole , Mas*. 

(Plate 1). 


Introduction. 

As indicated in the comprehensive review 
of the field by Allee (1931), animal aggre¬ 
gations and their significance have attracted 
increasing critical analysis in recent years. 
Curiously, the fish school—one of the most 
striking examples of well-integrated animal 
aggregations -- has received remarkably 
meager critical attention. Spooner (1931) 
and Kreder & Nigrelli (1935), considering 
various aspects of schooling in fishes, have 
noted this unfortunate lack of literature. 
Some notes on the schooling behavior of the 
herring, China harengw s* L., by Newman 
(1876), constitute one of the earliest pub¬ 
lications in this field. Nevertheless, Parr 
(1927) after a fifty year interval had a 
virtually clear field for his theoretical 
analysis of the schooling behavior of 
mackerel. 

Fishes which do not school and have no 
visible aggregating tendency have been con¬ 
sidered “non-social” forms. However, it is 
unwise to so classify a form which mani¬ 
fests no obvious social tendencies. Statisti¬ 
cal evidence has demonstrated that the gold¬ 
fish, which had been summarily thus dis¬ 
missed, manifested a definite group effect; 
isolated individuals were found to have a 
higher rate of locomotor activity and oxy¬ 
gen consumption than did grouped gold¬ 
fishes (Schuett, 1934; Escobar, Minahan & 
Shaw, 1936; Kreder & Nigrelli, 1938; 
Shlaifer, 1938). Hence, social tendencies 
may be relatively obscure and not readily 
determined by casual observation. 

At the extremes, it is a relatively simple 
matter to differentiate between a loosely ag¬ 
gregating fish and a closely schooling one. 
However, in many cases it is exceedingly 
difficult to determine whether a fish should 
be considered a closely aggregating form or 
a loosely schooling one. The mackerel im¬ 
poses no such difficulties. It remains in 
dense schools throughout life, except for 
possible dispersal at night. It is difficult to 


think of an instance, at least among verte¬ 
brates, in which individuality is as com¬ 
pletely lost as it is in a mackerel or herring 
school. 

Parr (1927) subjected the mackerel 
school to critical theoretical analysis. Sev¬ 
eral interesting conclusions were reached 
which will be considered later. His report, 
however, contains relatively little experi¬ 
mental data. It is the purpose of this re¬ 
port to treat the phenomenon experimentally 
and, wherever possible, to attempt correla¬ 
tion with Parr’s theoretical conclusions. 

The writer wishes to express his deep 
appreciation to the U. S. Fish and Wildlife 
Service at whose Woods Hole station the 
experiments were performed; also to Dr. 
R. Buchsbaum whose photographic skill is 
responsible for the figures in the plate. 

Experimental Study. 

Nunibet ot Individuals Needed to Form a 
School: The experimental animals used in 
these and subsequent tests w T ere 8-inch 
specimens of the chub mackerel, Pnentna- 
tophorus grex (Mitchill). Originally caught 
in the waters off Woods Hole, they were sub¬ 
sequently kept in appropriately large tanks 
in the laboratory. Several days were allowed 
for acclimatization before the animals were 
used. Tw r o tanks were employed for experi¬ 
mental purposes. One was a rectangular as¬ 
sembled aquarium with transparent glass 
sides whose dimensions were 36" by 15" and 
17" deep. The other was a rectangular 
wooden tank 44" by 23" and 9.5" deep. Sea 
water was kept running through these tanks 
at all times at a fairly rapid rate. The aver¬ 
age oxygen content was 5.60 cc. per liter 
and the temperature range was 18-20 de¬ 
grees C. In general, the mackerel survived 
well. Of those that died, many expired dur¬ 
ing the course of acclimatization in the 
laboratory. Most of those which survived 
this period lived for several weeks in no 
apparent distress. 

Repeated experiments demonstrate that 
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two individuals suffice to form a mackerel 
school. If two fishes are removed from a 
group and placed in the wooden tank they 
immediately school, i.e., swim about the tank 
nearly always in line with each other. If one 
mackerel is kept isolated in a tank and 
another is grouped with it, they immedi¬ 
ately school. Apparently, the fish that first 
becomes aware of the presence of the other 
initiates the schooling reaction. Whether 
this will be the original fish or the intro¬ 
duced one is purely a matter of chance for 
it will be one or the other 50'of the time. 
Other fishes added to this group of two im¬ 
mediately join the school. 

Thus, only two individuals are required to 
begin the formation of a mackerel school 
which is, however, better integrated if com¬ 
posed of many individuals. 

Breder & Nigrelli (1935) found that two 
sun fishes. Le pom is auritux, grouped to¬ 
gether in a tank “aggregate” with each 
other after two days. Shlaifer (1938) 
demonstrated that the oxygen consumption 
and locomotor activity of an isolated gold¬ 
fish is significantly higher than is that of an 
individual in a group of two. 

It would seem, at least in the cases listed 
above, that there is a much greater psychic 
difference between an isolated fish and one 
in a group of two than between the latter 
and an individual in a much larger group. 

Kffict of Various Types of Blinding: Parr 
(1927) found that when chub mackerel were 
blinded by the application of vaseline and 
lampblack to the eye, they did not school or 
mill. Blinded catfishes do not aggregate 
(Bowen, 1931) nor do blinded sunfishes 
( Breder & Nigrelli, 1935). Grouped gold¬ 
fishes which are normally less active than 
isolated individuals lose this group effect 
when they are blinded (Shlaifer, 1939). 
These results as well as other lines of evi¬ 
dence indicate the importance of vision in 
integrating social behavior in fishes. 

The experiments described below were de¬ 
signed to repeat and to extend the original 
w r ork of Parr (1927) on this species. Mack¬ 
erel were blinded by piercing the cornea and 
were kept in the wooden tank described 
above. One day was allowed for recovery 
from operative shock. Blindness was ascer¬ 
tained by appropriate tests, e.g., failure to 
avoid a net, etc. All results noted for the 
various blinding experiments were con¬ 
firmed by repeated tests. As controls, the 
area in the vicinity of the eye of non- 
blinded mackerel was pierced by the same 
instrument used for blinding, thus approxi¬ 
mating similar conditions of shock. In no 
case did control individuals fail to school 
when grouped. 

If an individual is blinded on one eye and 
subsequently grouped with six schooling 
mackerel, it immediately joins the school. 


In fact, if only three minutes are allowed 
for recovery from the shock of the operation 
instead of the customary day, it also re¬ 
joins the school immediately. This half- 
blinded fish succeeds in maintaining its 
orientation with respect to the rest of the 
school fairly well. Sudden turns by the 
normal animals to the blinded side of the 
experimental fish may result in temporary 
loss of integration of that animal with the 
school; however, it is quickly recovered. 

If a mackerel is subjected to bilateral 
blinding, it makes no attempt to join the 
school. Occasionally its random movements 
about the tank may disrupt the smooth in¬ 
tegration of the normal school but only for 
a moment. 

The grouping of a normal fish with a 
half-blinded one results in a schooling re¬ 
action. In general, the unilaterally blinded 
animal wall orient itself so that the intact 
eye side is the one nearest the normal fish. 
Sudden turns by either animal will initiate 
a turn in the other, thus maintaining the 
school. If the half-blinded fish is then 
blinded on the other eye, the school disinte¬ 
grates. There is, of course, no reaction by 
the sightless form to the normal one. How- 
ever, it might be expected, inasmuch as 
there is no other mackerel in the tank but 
the blinded individual, that the normal fish 
would attempt to school wdth it. This is not 
the case. 

Sightless mackerel do not swim in a typi¬ 
cally normal manner; movement is slower 
and less uniform. Apparently, normal swim¬ 
ming movement is of great importance m 
the schooling reaction of mackerel. 

If two mackerel are blinded on the same 
ej r e, a school obtains though it is not as w r ell 
integrated as is a school of tw T o normal indi¬ 
viduals or one normal and one half-blinded 
form. In this case the maintenance of the 
school is dependent upon the behavior of the 
fish whose intact eye side is nearest the 
other animal whose swimming movement is 
apparently sufficiently normal to evoke a 
schooling reaction by the mackerel which is 
in visual contact with it. We are presented 
with the unusual case of a school of two 
fishes, one of w r hich plays a passive role. 
Sudden turns and changes in direction may 
reverse the role of either fish. The mackerel 
wrhich sees the other member of the group 
of two usually follows the turns of the pas¬ 
sive partner. On occasion, however, it may 
initiate a turn, in wdiich case the school is 
broken for a second or so until one indi¬ 
vidual finds the other. 

If, in a group of two, one mackerel is 
blinded on its left eye and the other on its 
right one, schooling behavior is very erratic. 
If their blinded sides face each other no re¬ 
action obtains; if not, they school, though 
the school is likely to be broken by a sudden 
sharp turn by one animal which results in 
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their blinded sides facing each other again. 

A totally blinded fish grouped with a 
half-blinded one evokes no good schooling 
reaction by virtue of the abnormal move¬ 
ment of the former. Two totally blinded in¬ 
dividuals grouped together will swim at 
random and may collide. 

Confirming Parr's data (1927), three 
mackerel blinded in both eyes and placed in 
an exhibition tank containing a large school 
of mackerel swim aimlessly and make no at¬ 
tempt to join the group. 

The results obtained demonstrate the role 
of vision. Also indicated is the importance 
of normal swimming movement. 

Any experiment in which visual response 
is eliminated through blinding suffers from 
the criticism that the normal physiological 
state of the animal may be disturbed. This 
may be true even when a period deemed to 
be sufficient for recovery from shock ob¬ 
tains. A more natural condition is darkness 
and a description of the behavior of mack¬ 
erel in this state follows. 

The Effect of Darkness on Schooling: 
Newman (1876) finds that the closely 
schooling herring, Clnpea hatengm s\ break 
up completely at night in a tank in captivity, 
each fish taking an independent path. The 
school reforms in the presence of sufficient 
light. Breder (1929) reports that compact 
schools of Jinkmsia , also a member of the 
family Clupeidae, are dispersed at night 
Howen (1981) finds that aggregations of 
cat fishes are dispersed in darkness. Breder 
& Nigrelli (1985) report that aggregations 
of the sunfish, Leponus amitns, break up 
with the coming of night. Shlaifer (1989) 
finds that the effect of grouping decreased 
oxygen consumption) on goldfishes dis¬ 
appears in total darkness. 

The behavior of mackerel in darkness was 
investigated by two procedures, one obser¬ 
vational, the other photographic. One of the 
exhibition tanks of the Aquarium at the 
Woods Hole station of the D. S. Fish and 
Wildlife Service contains a school of forty 
to fifty S-inch chub mackerel, as well as a 
turtle, flounder, blackfish, and skate. The 
tank, rectangular in shape, is 6.5 feet by 
4 feet and 8 feet deep. Three of the verti¬ 
cal sides are composed of stone and cement 
and the fourth of transparent glass. 

The lights in the Aquarium were always 
off at night and after 9 p.m. the room was 
quite dark. The observer, looking at the tank 
from above or standing next to the trans¬ 
parent glass side, could see nothing in the 
tank; in fact, one's hand held two inches 
from the eye was quite invisible. For several 
hours at night during several consecutive 
evenings observations were made on the 
schooling behavior of the mackerel in this 
state of darkness. At half-hour intervals a 
flashlight beam was directed at the bottom 
of the exhibition tank for only one or two 


seconds. If maintained longer, the fishes 
would react to the light, weak though it was, 
by forming a dense school. Hence, it was 
necessary to form an impression of the 
aggregating condition of the group in this 
very short time. The general impression 
gathered by these observations was that the 
school was fairly well dispersed. The fishes 
were never found to be closely schooling or 
milling but neither were they swimming 
about the tank at random as Newman (1876) 
reported for the herring in darkness. The 
mackerel swam in an elliptical orbit more 
or less in the same direction but with con¬ 
siderably greater distances between indi¬ 
viduals than is found in a normal school in 
the light. Considering the number of indi¬ 
viduals, the size of the tank, and the ten¬ 
dency of mackerel to swim in a uniform way 
for hours unless disturbed, the observed 
state of the school is probably what is to be 
expected in the absence of visual integra¬ 
tion. Further experiments are planned along 
these lines. 

The mackerel eye is apparently capable 
of detecting similarly moving forms at very 
low light intensities for when they could 
just barely be seen they were in fairly com¬ 
pact schools. This is in contrast to the find¬ 
ings of Breder & Nigrelli (1985) for sunfish 
aggregations which break up when they 
can still be seen distinctly. Another interest¬ 
ing fact is that the mackerel also is capable, 
apparently, of seeing in light at the deep red 
end of the spectrum. When a Wratten Series 
II Safelight, which transmits light in the 
deep red from about 650»ui. to 700jqi., was 
suspended at night over the tank several 
inches from the water surface in otherwise 
total darkness, the mackerel formed fairly 
compact schools and mills. (See Plate 1, 
Fig. 8.) 

The observational method described above 
is open to the criticism that the observer’s 
reaction must be instantaneous and is sub¬ 
jective. Accordingly, a series of flash-bulb 
photographs was made of the mackerel 
group in artificial light and in total dark¬ 
ness. These flash-bulb photographs are taken 
in a fraction of a second, much too fast for 
any disturbance caused by the blinding flash 
of light to be recorded in the photograph. 
The school was photographed from the side 
through the transparent glass. Darkness 
shots were taken only after a period of at 
least 15 consecutive minutes of darkness 
following the small amount of illumination 
from a flashlight incident to setting up the 
equipment. Darkness set in at about 9 p.m. 
and the first photograph v r as usually taken 
at about 10 p.m. Plate I contains two photo¬ 
graphs which represent typical results. Fig. 
1 is a compact mackerel school under fairly 
strong artificial light. Fig. 2 was taken in 
total darkness at about 10:80 p.m. The con¬ 
trast in the denseness of the aggregations 
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is obvious and portrays the results obtained 
by observation. 

The observational and photographic evi¬ 
dence reveals that mackerel schools appar¬ 
ently are dispersed in total darkness. How¬ 
ever, the ability of mackerel in aquarium 
tanks to school at very low light intensities 
leaves unsolved the condition of mackerel 
schools in nature where dim light may ob¬ 
tain at night. It is the intention of the 
writer to pursue this matter more exhaus¬ 
tively in future work. 

Visual Contact : Shlaifer (1939, 1940) 
found that the oxygen consumption and 
locomotor activity of isolated goldfishes in 
visual contact with others of the same spec¬ 
ies and variety was of the same order of 
magnitude as that of these individuals when 
actually members of a group. This confirmed 
previous results which demonstrated the 
visual integration of the group effect. 
Although darkness and blindness tests have 
indicated the importance of vision in the 
schooling behavior of mackerel, the follow¬ 
ing experiment was performed as a bit of 
additional evidence. 

The glass tank whose dimensions have 
been listed above was divided in half along 
its length by a plate of transparent glass. 
One mackerel was placed on each side. After 
a short period of acclimatization, the two 
fishes tended to swim close to the dividing 
glass plate in line wuth each other. In gen¬ 
eral, the animals would turn only when 
they reached one end of the tank and would 
then swim back to the other end. If, how- 
ever, one mackerel turned in the center of 
the tank, the fish on the other side of the 
glass in visual contact with it would usually 
also turn before reaching the end of the 
tank. This behavior was not invariable but 
occurred with sufficient frequency to be con¬ 
sidered significant. 

Thus, from three lines of evidence— 
blinding, darkness, and visual contact ex¬ 
periments—the important role of sight is 
demonstrated. 

Response to Form and Movement: 
Spooner (1931), working with the bass, 
Moione labrax, which is a schooling form, 
found that individuals would be attracted 
to dead, mounted, specimens of the species 
but not to rough models. Similar results 
were obtained for the goldfish (Shlaifer, 
1939, 1940). Thus, there is indicated that 
there may be a visual response to objects of 
the proper form though they are devoid of 
movement. Response to form is also re¬ 
ported by Breder (1929) for the schooling 
herring, Jenkinsta , and by Breder & Nigrelli 
(1935) for the aggregating sunfish, Le- 
pomis aurittts. On the other hand, many 
sexual behavior studies emphasize the im¬ 
portance of movement (Noble, 1934; Breder, 
1935). 


Experiments demonstrate that a mackerel 
isolated in a tank with freshly killed and 
mounted specimens placed in the normal 
swimming position, does not react to them. 
On the other hand, if another normal mack¬ 
erel is introduced into the tank, the school¬ 
ing reaction is immediately evoked. 

Repeated experiments were performed 
with freshly killed mackerel which were 
manipulated by means of a long rod, the 
hooked end of w r hich was inserted in the 
back of the fish. A normal mackerel was 
grouped with a mounted fish which was then 
manipulated so as to simulate a normal 
swimming animal. In only one case in 70 
trials was there any response given to the 
dead specimen. Again, normal mackerel in¬ 
troduced into the experimental tank elicited 
immediate schooling. An olfactory basis for 
the lack of response to a dead, manipulated 
individual is not probable by virtue of the 
fact that the animals w T ere freshly killed 
and were in fairly rapidly flowing w T ater. 

It may be concluded that normal swim¬ 
ming movement is an important factor in 
the schooling reaction. True, with normal 
movement a mackerel may be attracted by 
the body form of its neighbor but, in the 
absence of normal movement, form alone 
will not suffice. The importance of normal 
movement is further emphasized by the 
failure of a mackerel to school with a 
blinded individual w r hich does not swim in 
the usual manner. Evidently, mackerel are 
sensitive to differences in motion w'hich we 
can also detect and quite possibly to minor 
differences wiiich we cannot observe. Never¬ 
theless, further experimentation along these 
lines is in order. If simulation of swimming 
motion in a killed mackerel can be skillful 
enough to evoke a schooling reaction, neat 
checks might lie obtained on response to 
form b> altering in many ways the shape 
of the dead specimen. 

R(spouse to Color: The reaction of fishes 
to colors is still the subject of considerable 
debate. Warner (1931) criticized the lack 
of control of the intensity factor and deemed 
most of the experimental work worthy of 
repetition. White (1919, 1927) demon¬ 
strated that mudminnow T s and sticklebacks 
can discriminate between wave lengths and 
not merely intensities of light. Brown 
(1937) found that the large-mouthed black 
bass, Huro sal mo ides , responds to differ¬ 
ences in wave lengths. Noble & Curtis 
(1939) demonstrated that young cichlids 
may be born with a greater interest in 
moving red discs than in moving black, bine, 
green or yellow ones. 

Shlaifer (1939), though not differentiat¬ 
ing between wave length and intensity, 
found that the group reaction in the gold¬ 
fish was not in any way based on color dif¬ 
ferences or similarities. Accordingly, ex- 
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periments were performed with mackerel to 
determine whether response to color was in 
any way involved in the schooling behavior. 
Mackerel were removed from the tank and 
paints of various colors were applied over 
all of the body but the eye. They were then 
allowed a period of recovery from shock and 
were grouped in various combinations. 
Specimens painted blue were grouped with 
ones painted white, black, etc. In all cases, 
schooling occurred immediately with no in¬ 
dication whatsoever of differential response 
to color. 

Effect of Isolation : Bowen (1932) found 
that the sight response of normal aggre¬ 
gating cat fishes to one another was not 
completely eliminated in all individuals by 
lfi] days of isolation. It was much less 
marked but was re-established in the course 
of a few minutes, usually after contact oc¬ 
curred. Catfishes isolated for only 52 days 
when grouped together showed no difference 
in behavior from those animals kept in a 
yroup. 

Five mackerel were isolated for 20 days, 
the maximum time available before the 
laboratory closed. At the end of this period, 
two of the five were grouped together as 
were the remaining three. Schooling oc¬ 
curred immediately. If mature mackerel 
could be kept in isolation for much longer 
periods, it would be interesting to observe 
subsequent schooling behavior. Even more 
interesting would be the subsequent school¬ 
ing reaction of mackerel reared in isolation 
from various early stages. 

Discussion. 

The experimental results reported above 
confirm the data of Parr (1927) on the 
visual integration of the mackerel school. 
Further, it is seen that only two normal in¬ 
dividuals are necessary to begin a school. 
The visual response is apparently not cor¬ 
related with color but is with normal swim¬ 
ming activity. Finally, several weeks of iso¬ 
lation do not induce any weakening of the 
schooling reaction. 

The fact that two individuals suffice to 
begin a school, at least under laboratory 
conditions, may have implications for larger 
aggregations in nature. If schools are com¬ 
pletely dispersed at night, their reforma¬ 
tion in daylight would be definitely facili¬ 
tated by the mutual attraction of only two 
fishes. In fact, again granting the break up 
of the school at night, without a schooling 
response by one solitary fish to another one, 
it is difficult to see how schools could reform. 

In reference to the apparent visual inte¬ 
gration of fish schools, Parr (1927) indi¬ 
cates that schooling pelagic fishes have eyes 
of large size and rather scantily equipped 
lateral line systems. He concedes that lateral 
line stimuli might come into play once the 


mackerel, by visual stimuli, approached each 
other. However, his data and those reported 
above on the behavior of blinded fishes 
would not tend to confirm this hypothesis. 

Parr attributes the schooling reaction of 
mackerel to a simple automatic eye reflex 
rather than to a social instinct involving 
the entire school. The apparently senseless 
milling reaction is caused, he believes, when 
the school as a whole tries to make a turn 
of more than 180 degrees and is thus turned 
back on itself. This behavior pattern tends 
to emphasize the rather mechanical nature 
of the school. 

Since the reaction of a mackerel to others 
of its kind is not to color it must be to form. 
However, form alone will not induce the 
schooling act if swimming movement is not 
normal. The fact that mackerel are evidently 
capable of detecting slight differences in 
movement would put the reaction of the fish 
on a slightly higher plane. Extensive hetero¬ 
typic grouping experiments are planned 
which would tend to shed much light on the 
factors of response to various types of body 
form and movement. Further interesting 
data might be obtained by observing the re¬ 
action by an isolated mackerel to its mirror 
image. Following the work of Spooner 
(1931), the reflecting surface of the mirror 
could be broken by lengths of f ape at definite 
intervals; in this way the reaction of the ani¬ 
mal to body form which is identical with its 
own but not complete might be ascertained. 

The condition of various types of fish 
schools and aggregations is summarized in 
a schematic diagram by Breder & Nigrelli 
(1935). Compared with other fishes possess¬ 
ing social tendencies, the schooling of mack¬ 
erel is striking by virtue of its fixity. Never¬ 
theless, the survival value of this mechani¬ 
cally highly integrated group is still not 
clear. 

An interesting feature of the mackerel 
school is the spacing of the individuals in 
the group. The distance between the ani¬ 
mals is more or less constant. A school may 
be greatly concentrated, however, by a sud¬ 
den disturbance which produces a “fright” 
reaction — after being momentarily dis¬ 
persed the fishes rush together in a compact 
mass which soon, however, returns to nor¬ 
mal proportions. Parr (1927 ) states that 
when the fishes in a closely schooling group 
approach each other too closely, their images 
may become too large and the accompanying 
strenuous accommodation of the eyes may 
produce a negative response, thus regulat¬ 
ing the spacing. Breder (1929) states the 
proposition that such fishes that depend on 
visual reactions for the formation of schools 
approach no closer to other objects than 
that distance at which they become clearly 
visible. This problem may be approached 
experimentally. 
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Whether the schooling habit is ontoge- 
netically or phylogenetically acquired and 
whether the schooling or solitary state is 
the primitive one are important theoretical 
considerations. It is to be hoped that future 
investigation will shed some light on these 
problems. 

Summary. 

1. Although larger groups are better in¬ 
tegrated, two individuals suffice to begin the 
formation of a mackerel school. 

2. Blinding, darkness, and visual contact 
experiments indicate that the schooling re¬ 
action of the mackerel is visually integrated. 

3. Mackerel display no schooling reaction 
to others of the same species, living or dead, 
which move or are moved in a manner not 
completely normal. 

4. As far as tested, response to body color 
plays no role in the schooling reaction. 

5. Isolation for three weeks does not 
eliminate or reduce the schooling proclivity. 
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EXPLANATION OF THE PLATE. 

Plate I. 

Fig. 1. A school of chub mackerel, Pncumrtto- 
pharus grex , in an exhibition tank 
under fairly strong artificial light. 

Fig. 2. A flash-bulb photograph of the same 
school in total darkness—dispersed. 

Fig. 3. Mackerel milling in light in the deep 
red—-650 pp to 700 pp. 

(The photographs include the upper 
four-fifths of the vertical depth and 
the central four-fifths of the length 
of the tank). 
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FIG 3 


THE SCHOOLING BEHAVIOR OF MACKEREL A PRELIMINARY EXPERIMENTAL ANALYSIS 
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15 . 

Food, Eggs and Young of the Carnivorous Snail 
Euglandina rosea (Ferussac). 

William Marcus Ingram 

Mills College , California 

& 

Walter Edward Heming 

Whittier College. 

(Plate I). 


The information contained herein is based 
on the observation of a single Euglandina 
rosea (Ferussac) which was collected April 
1, 1940, at Fort Myers, Florida, by I)r. Wil¬ 
liam J. Hamilton, Jr., of Cornell University. 
On April 11 the snail was placed in a ter¬ 
rarium filled with humus and soil, at Ithaca, 
New York. Standing water was provided to 
keep the air in the container moist. The 
individual successfully survived until De¬ 
cember 9, 1940, when accidental overheating 
caused its death. During the interval of 
252 days observations concerning its food 
habits, eggs and young were carried out. 

Food of Euglandina . 

During this period of approximately 8 
months the following New York land mol- 
lusks were placed in the terrarium with the 
carnivorous Euglandina: one Mesomphi.v 
mornatus (Say), two Mesomphi.v eupreus 
(Rafinesque), six Anguispira altirnata 
(Say), and four newiy hatched and tw r o 
adults of Trindopsis albolabris (Say). Of 
these species only the M. inornatus , and the 
six A. altcrnafa w'ere devoured; the remain¬ 
ing snails were left untouched. 

The Euglandina was observed during its 
process of feeding upon the M. inornatus. 
The predatory snail in approaching the M. 
inornatus lifted its head and anterior foot 
region in the air and moved them from side 
to side. This weaving back and forth con¬ 
tinued for 60 seconds; during this time the 
greatly elongate lips w r ere moved from side 
to side. Finally the Euglandina touched the 
body of the food snail, whereupon the latter 
contracted into its shell. The Euglandina 
then employed its anterior foot region to 
turn the Mesornphix shell over on its spire. 
This done, the predator entered the aperture 


of the food snail's shell; the posterior foot 
region serving to hold the rest of the body 
firmly to the substratum. As soon as the 
Euglandina thrust its head into the Mesom- 
phix shell aperture it began to feed with a 
piston-like motion, apparently forcing its 
head firmly against the soft parts of the 
prey so that the radula could obtain a firm 
purchase. The piston motion was accom¬ 
panied by a lateral movement, indicating 
that the Euglandina was working from the 
columellar region outw T ard, and then back 
again. Kecause of the thinness of the M. 
inornatus shell, the feeding could be observed 
without great difficulty. As the body of 
Mesornphix was gradually consumed the 
Euglandina worked further into the prey’s 
shell, until its shell presented an effective 
block against further entrance. During the 
preliminary feeding the tentacle-like lips 
seemed to be thrust betwreen the body of 
Mesomphi.v and its shell. Finally the colu¬ 
mellar muscle of the Mesornphix was torn 
loose and the entire upper visceral mass was 
observed to disappear into the buccal cavity 
of the Euglandina. The feeding process 
took 40 minutes from the time of entrance 
until all of the body of Mesornphix had 
disappeared. 

After the soft parts had been consumed 
the lips of the Euglandina were observed 
to move about the interior of the shell as 
though the animal was searching for food 
fragments wdiich might have been over¬ 
looked. It seems likely that the sense of 
smell is well-developed in Euglandina apd 
possibly serves this animal in locating food. 
Simpson’s data (1901) indicates that the 
sense of smell is highly developed and 
used to locate food by Triodopsis albolabris 
(Say). He records this species moving 18 
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inches in order to feed on concealed lettuce. 
When the Mesomphix was placed in the 
terrarium with the carnivore, the latter was 
10 inches removed and was fully contracted 
within its shell. In 3 minutes the Euglan - 
diria was active, and was moving toward the 
Mesomphix. A similar phenomenon was ob¬ 
served when one A. alternata was placed in 
the terrarium; the Euglandina was again 
contracted and motionless, 6 inches away 
from the Anguispira. In five minutes it 
became active and moved toward the food 
snail. 

The six A. alternata and the one M. wor- 
natus utilized as food were all turned over 
on their apices before they were devoured. 

The following writers have discussed the 
snail food of Euglandina rout a. Baker 
(1903 ) reports Euglandina feeding upon the 
large Floridan pulmonate mollusks of the 
genera Liguus and Orth aliens. He observed 
that in some instances the voracious Euglan¬ 
dina will even bore a hole in the shell of the 
victim in order to reach the animal, instead 
of entering through the prey’s aperture. 
Rogers (1908) states that Euglandina de¬ 
vours individuals of its own species and 
preys chiefly upon Helices. A. Binney (1851) 
reports Euglandina feeding on half-putrid 
remains of a Helix , and on Limacies which 
were confined together in the same con¬ 
tainer. He, too, writes that it preys on its 
own kind. W. G. Binney (1885) concerning 
the feeding habits of E. wsea states, “By 
its |the radula’s] action the soft parts of 
its prey are rapidly rasped away or are 
forced in large morsels down the oesopha¬ 
gus. The animal has been seen to swallow 
entire the half-putrid remains of a Helix , 
and to attack Li maces confined in the same 
box with it, rasping ofT large portions of 
the integument, and in some instances de¬ 
stroying them. In one instance an individual 
attacked and devoured one of its own spe¬ 
cies, thrusting its long neck into the interior 
of the shell and removing all the viscera. I 
found many specimens of Polygra volcoxis , 
[Polygra septemvolva SayJ, in the stomach 
of individuals collected by me at Saint 
Augustine, Fla.” 

Eggs of Euglandina. 

In the second week of October the Euglan¬ 
dina deposited 22 eggs on the upper surface 
of the humus in the terrarium. This location 
was exposed to light, although more secre¬ 
tive places were available. Five of the eggs 
did not hatch. Because of periodic absence 
from the laboratory complete data on the 
incubation period were not obtained. The 
approximate incubation period was 60 to 68 
days; the hatching period for individuals 
continued for 8 days after the first indi¬ 
vidual had emerged, 60 days after the egg 
had been laid. 


The oval-oblong eggs were of nearly uni¬ 
form size, measuring 4.25 mm. in length 
and from 3 to 3.25 mm. in width (Fig. 1). 
The egg shell is brittle and hard; no inner 
egg membrane is present. The egg shell is 
extremely rough, and is quite porous. 

Young of Euglandina. 

The young develop with their long axes 
coinciding with the long axis of the egg. 
The young break through the egg shell by 
means of the radula. A circular opening 
(Fig. 1) is first filed in the egg shell at the 
end surrounding the aperture of the young 
within. The initial hole is enlarged by 
use of the radula until approximately one- 
third of the egg shell is cut away (Fig. 2). 
This done, the young emerges, leaving an 
intact two-thirds of the shell behind. The 
exact amount of time required for the young 
to cut away enough shell to permit their 
escape was not observed. It is estimated, 
however, that with the young in question it 
was between 6 and 10 hours. 

Little variation in size is shown in newly 
hatched young; of 15 that were measured 
the length varied .25 mm.; with the greatest 
length 4 mm., and the least 3.75 mm. Varia¬ 
tion in width was also .25 mm.; the widest 
shell was 3 mm.; and the narrowest 2.75 
mm. The largest young was 3.90 mm. in 
length and 2.90 mm. in width; the smallest 
was 3.75 mm. long and 2.75 mm. wide. 

Each young has approximately two and 
one-fourth shell whorls upon hatching, as 
compared to the 6 to 8 w r horls of fully ma¬ 
ture shells. The aperture of the young is 
relatively large in proportion to the length 
of the shell, running approximately five- 
sevenths of the total shell length (Fig. 3). 
In the parent of these young the aperture 
was approximately equal to one-half of the 
total shell length. W. G. Binney (1885) con¬ 
cerning the length of young shells that he 
studied states, “In young individuals the 
spire forms but a small proportion of the 
shell, but in the old it often forms one-third 
of the length.” A Binney (1851) comments 
on the shortness of the spire of young indi¬ 
viduals, and at its enormous increase in 
mature shells. In an attempt to supply food 
for the young snails 4 small immature T. 
albolabris w’ere placed within reach. Adult 
individuals of A. alternata w T ere also avail¬ 
able but individuals of neither species were 
touched. Apparently the lack of suitable ani¬ 
mal food resulted in the death of the young 
15 days after hatching. 

Natural Habitat of Euglandina. 

It should be understood that the observa¬ 
tions included here w r ere made in a habitat 
far from that in which Euglandina rosea is 
found. The data are, however, the most ex¬ 
tensive to be reported on the eggs and young 
of Euglandina , and the photographic method 
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has not been used before to illustrate the 
eggs and young of this species. 

The natural habitat is reported by W. G. 
Binney (1885) as follows, “The habits of 
this animal are somewhat aquatic. It is 
found on the sea islands of Georgia and 
around the keys and everglades of Florida, 
and in these situations the shell often at¬ 
tains the length of 4 inches; when found on 
the oyster hummocks and less humid locali¬ 
ties it seldom exceeds 1 inch in length. Mr. 
Say found it in the marshes immediately 
behind the sand-hills of the coast. It is most 
readily found in the center of the clumps of 
coarse grass on these marshes.” W. G. 
Binney (1885) lists the following distribu¬ 
tion: Atlantic and Gulf States from North 
Carolina to Texas; Macon Springs, Georgia; 
Bibb County, Alabama; and Jackson, Mis¬ 
sissippi. A. Binney (1851) indicates that it 
is common among the West Indian Islands. 
Pratt (1935) states that its distribution is 
from South Carolina to Texas. 
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EXPLANATION OF THE PLATE. 


Fig. 1. Egg of Euglavdiva rosea , showing ini¬ 
tial opening cut by radula of young 
within its eggshell. Note porous and 
rough character of the shell. X 21. 

Fig. 2. Egg of young three hours later, show¬ 
ing egg shell cut away, revealing the 
immature snail within. X 23. 

Fig. 3. Newly hatched young which emerged 
approximately 6 hours after the initial 
opening had been made in the egg 
shell. V 23. 
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16 . 

The Anatomy and Morphology of the Hypophysis of Several Species 
- • of Ovo-viviparous Poeciliids.* 

Hugh E. Potts 

JJepin tment of Biology , Washington Square College , Sew York University. 

(Plates I & 11). 


Introduction. 

The constantly growing knowledge of the 
endocrine glands makes increasingly appar¬ 
ent the complex physiological interrelation¬ 
ships of the pituitary. A great deal has been 
reported both on the morphology and the 
physiology of the pituitary but most of the 
investigations have been concerned with 
mammals where such structures as the 
mammary glands, corpora lutea and pla¬ 
centa introduce many complicating factors. 
It would seem possible to obtain some clari¬ 
fication of the many problems arising from 
these studies by an investigation of the 
pituitary in forms such as lower vertebrates 
in which the presence of fewer accessorv 
structures makes the problem less complex 

A survey of the literature has shown a 
surprisingly incomplete knowledge of the 
pituitary of lower vertebrates, especially of 
teleost fishes (Stendell, 1914; deBoer, 1926; 
Charipper, 19**17). This becomes especially 
apparent w r hen one considers the various 
reports relating cell types in the anterior 
pituitar.v with the reproductive cycle in 
mammals (Kasmussen, 1921; Wolfe & Cleve¬ 
land, 1932, 1922; Charipper Ilaterius, 
1922; Kirkman, 1937 ^ as compared with the 
meager literature of a similar nature con¬ 
cerning the bony fishes. With regard to the 
latter group, Matthews (1926) has showm 
that the pituitary gland of Fundnhis is not 
static but undergoes variations in cell type 
distribution which may be related to the 
different seasons of the year. Cardoso 
(1924), also working on an oviparous form. 
Pi pi clod its clarias , has shown a relation 
between gonad size and injection of hypo¬ 
physeal suspensions. TIoussay (1931), inves¬ 
tigating the ovo-viviparous teleost, Cues - 
terodon deeem mac Hiatus, described a rela¬ 
tion ship between ovulation and secretions 
of the pituitary. In addition, Rojas et al. 

* Accepted in partial fulfillment of the requirements for 
the decree of Doctor of Philosophy, New York University. 


(1934) showed cyclic changes in the pi¬ 
tuitary of Jcnynsia U neat a, another ovo- 
viviparous teleost. Further, the Teleostei 
as a group seem to offer many opportuni¬ 
ties for descriptive investigations correlat¬ 
ing variable hypophyseal histology and 
cytology to reproductive phenomena. In this 
group are a vast number of diminutive 
tropical fishes which present many evolu¬ 
tionary phases of reproduction from ovi- 
parity to true viviparity. This group of 
viviparous fishes are of particular interest 
because of the relatively short and usually 
regular reproductive cycle. These animals 
may be kept in large numbers in small aqua¬ 
ria, assuring a plentiful supply throughout 
the year. In addition, most of them can be 
bred readily so that animals in definite 
stages of the reproductive cycle may be 
easily obtained at all times. 

With these facts in mind an investigation 
of the morphology and histology of the 
pituitaries of males and females of six spe¬ 
cies of ovo-viviparous teleosts was under¬ 
taken and forms the basis of the present 
report. The particular species examined 
were carefully chosen for availability and 
the ease with which they could be main¬ 
tained and bred under laboratory conditions. 
In addition all these forms showed regular 
reproductive cycles of approximately thirty 
days. It is proposed that these descriptions 
constitute the beginning of w T hat should 
prove to he an exhaustive survey and 
furnish a basis for future experimental 
investigations. 

I wish to take this opportunity to ex¬ 
press my deep appreciation to Dr. Harry 
A. Charipper for his generous and helpful 
assistance throughout the course of this 
investigation. 

Materials and Methods. 

The pituitaries of six different species 
of ovo-viviparous poeciliids, Platypoecilvs 
rariatvs, Xiphophorns helleri (red, and 
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green varieties), Lebistes reticulatus , Limia 
tricolor, Mollienisia sphenops and Mollien- 
isia latipinna (black variety) were exam¬ 
ined histologically. Specimens of Mollien - 
isia sphenops and latipinna were obtained 
from a local dealer during the months of 
December, January and February. These 
were killed and fixed within two weeks of 
purchase. The other species were reared in 
aquaria at temperatures between 21 and 27 
degrees centigrade and sacrificed at various 
times throughout the year. 

Each fish was anaesthetized in ice water 
and the head severed immediately posterior 
to the gills and also cut just in front of the 
eyes. A fixing fluid composed of 18.5 cc. 
basic Zenker's to 1.5 cc. formalin gave the 
best results in about twenty hours. Follow¬ 
ing fixation, tissues were decalcified in 
phloroglucin 1*4 hours and washed in run¬ 
ning water 6 to 12 hours before dehydra¬ 
tion and embedding. 

Whole heads, or brain and pituitary, dis¬ 
sected free of all cartilage were then dehy¬ 
drated and embedded in hard paraffin or 
tissue mat, after which they were cut at 5 
micra in median sagittal, cross and hori¬ 
zontal sections. 

The Masson technic was used almost ex¬ 
clusively. Timing and washing were stand¬ 
ardized as carefully as possible in order to 
get comparable results on all six species. 
Earlier preparations were stained in Masson 
A ten minutes, rinsed in distilled water and 
destained in V/v phosphomolybdic acid 1 *4 
hours. They were then transferred directly 
to Masson C for thirty minutes, dipped in 
95 Vc alcohol, absolute alcohol, half and half 
absolute alcohol and xylol and then pure 
xylol, and finally mounted in Canada bal¬ 
sam. In later preparations the staining 
times were changed to three minutes in 
Masson A, thirty minutes in phosphomolyb¬ 
dic acid and 1 hour in Masson C. The latter 
timing gave better results although the 
staining affinities did not seem to be criti¬ 
cally affected. 

Description. 

The pituitaries of the six species of poe- 
ciliids in this investigation show such strik¬ 
ing similarities in morphology and histology 
that a single description will be made, using 
Platypoecilns variatus as the standard. The 
description will deal first with morphology 
and then with histology, under the headings 
cerebral portion (pars nervosa) and epi¬ 
thelial portion (pars anterior, intermedia, 
and uebergangsteil). Similarities and dif¬ 
ferences of the other species will then be 
considered separately. 

I. Platypoecilvs variatus 
A. Morphology. 

The pituitary is an ovoid gland, immedi¬ 
ately behind the optic chiasma, attached to 


the midventral floor of the diencephalon by 
a short hollow stalk. There is no sella turcica 
but the pituitary protrudes into a depres¬ 
sion, the hypophyseal fenestra, closed ven- 
trally by connective tissue (PI. II, Fig. 12). 

An extremely thin meninx primitiva ex¬ 
tends from the brain down over the stalk 
and over the pituitary, carrying with it 
numerous small blood vessels. 

There are four portions of the gland, dis¬ 
tinguishable by staining reactions and cell 
types, namely, pars nervosa, anterior, inter¬ 
media and uebergangsteil (PI. II, Fig. 7). 
No distinct septa separate the portions. The 
pars nervosa is a thickened and modified 
portion of the floor of the diencephalon, 
occupying the central dorsal region of the 
gland. The pars anterior, like a half sphere, 
has its posterior surface in contact with all 
the other parts of the gland. In its median 
dorsal portion, this contact is with the ner¬ 
vosa. Surrounding the nervosa completely 
ventrally and laterally, but only its ventral 
half anteriorly and posteriorly, is a convo¬ 
luted layer of cells, the uebergansteil, which 
contacts the posterior face of the pars an¬ 
terior ventral and lateral to the nervosa. 
The pars intermedia is a shell-like portion 
surrounding the uebergangsteil completely 
ventrally, laterally and posteriorly, forming 
in the latter region the blunt posterior end 
of the gland. Anteriorly it is contiguous 
with the pars anterior lateral and ventral 
to the contact of the latter with the ueber¬ 
gangsteil. 

I>. Histology 

1. Cerebral Portion (Pars Nervosa ) 

The cerebral portion is composed of tissue 
from the floor of the diencephalon It con¬ 
sists of masses of neuroglia cells and many 
interlacing fibres continuous through the 
infundibular stalk with the brain (PI. 1, 
Figs. 2, 4 ). The outer walls of the stalk are 
covered by a thin meninx primitiva whereas 
the inner walls are composed of ependyma 
cells which line the infundibular cavity. 

The nuclei of ependyma and neuroglia 
cells are essentially similar, being rounded 
to ovoid and varying considerably in size. 
Each is surrounded by a well defined mem¬ 
brane and contains a centrally located, red- 
staining nucleolus and scattered pink to 
violet chromatin material. Nuclei are more 
abundant near the stalk and sparser in the 
central and more distal parts of the nervosa. 

The cytoplasm of the ependyma cells is 
pale gray. Many irregular processes from 
them extend into the infundibular cavity. 
The cytoplasm of the neuroglia cells is in¬ 
distinct and loosely fibrous, also staining a 
pale gray. Many tracts of fibres extend from 
the central portion of the nervosa into other 
parts of the gland as compact processes en¬ 
closing blood vessels which are thus distrib¬ 
uted to the epithelial portions of the gland. 
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Penetration by these processes is especially 
heavy in the uebergangsteil and intermedia 
(PI. I, Fig. 6; PL II, Fig. 7). In the dorsal 
posterior region of the nervosa the fibres 
run caudad through the low posterior end 
of the basket-shaped uebergangsteil and 
ramify among the cells of the pars inter¬ 
media (PL II, Fig. 7). 

Colloid bodies of varying size and shape 
are characteristically present in the nervosa 
in varying amounts (PL I, Fig. G; Pl. II, 
Figs. 7, 11). In the central region they are 
usually fairly large bodies but in the pos¬ 
terior region they are generally fine and 
granular. Their staining reaction varies in 
different glands from violet to pink, and 
both colors may be present in the same 
gland. Jn some cases large basophilic masses 
are filled with brilliant red-staining globules. 

Free single cells, generally basophiles, are 
often found well within the nervosa. In 
some cases they appear normal but in others 
they show pycnotie nuclei and indistinctly 
outlined cytoplasm. The latter closely re¬ 
semble many of the larger colloid masses. 

2. Epithelial Portion 
a. Pars Anterior 

The pars anterior is composed almost 
entirely of orange-red acidophiles, except 
for a tongue-like portion adjacent to the 
nervosa in the median dorsal portion of the* 
gland. The acidophiles are closely packed, 
showing no definite arrangement into cords 
or tubules (PL IL Fig. 7). They vary in 
shape from rounded to ovoid to spindle 
shaped. Their size is also variable. The cyto¬ 
plasm contains fine orange-red granules. 
The nuclei vary in size in relation to the 
size of the cells containing them. Their 
shapes range from spherical to elongate and 
their position may be central or apical. 
Within each nucleus are one or two red- 
staining spherical nucleoli surrounded by 
red-staining chromatin granules in a clear 
hyaloplasm. The tongue-like strip of tissue 
( PL I, Fig. 2) is a sheet several layers thick, 
roughly “V” shaped, which fits into the 
uebergangsteil with which it is continuous 
laterally and vent rally, its posterior surface 
is in contact with the pars nervosa from 
which it is clearly separated by a membrane, 
and its anterior surface is in contact with 
the acidophilic part of the pars anterior. 
Here the delineation is less definite as many 
of the acidophiles penetrate the tongue-like 
portion irregularly. Many blood vessels pass 
through this sheet, enclosed within proc¬ 
esses from the nervosa. The cells of this 
layer bordering the nervosa tend to be 
columnar while those within the sheet are 
poorly defined. The cytoplasm has a fleecy 
appearance and stains a pinkish-gray color. 
Nuclei are ovoid to spherical, containing a 
centrally located nucleolus and scattered 
granular chromatin, both of which stain 


similarly to the cytoplasm. 

b. Pars Intermedia 

The pars intermedia is composed entirely 
of basophiles. Its cytology is variable, the 
posterior part often showing a large number 
of basophiles, larger and more clearly defined 
than the ceils of its middle portion, which 
closely resemble basophiles of the ueber- 
gangsteil. The cytoplasm of these larger 
ovoid to spherical cells ranges from violet 
to blue and appears homogeneous. Nuclei 
are roughly spherical, often having inden¬ 
tations which give them a vesicular appear¬ 
ance. They contain granular, faint pink- 
staining chromatin and a centrally located 
red-staining nucleolus. The rest of the in¬ 
termedia cells are smaller and usually indis¬ 
tinctly outlined, their stainability varying 
from pale gray-blue to a deep blue. Small 
spherical vacuoles are often present. No 
special arrangement is apparent in these 
cells (PL I, Fig. G; PL II, Figs. 7, 8). The 
nuclei are small and ovoid to spherical with 
v’ell defined membranes in which is a granu¬ 
lar chromophobic chromatin surrounding a 
centrally located red nucleolus. Nervosa 
processes enclosing blood vessels penetrate 
the middle region of the pars intermedia 
after passing through the uebergangsteil, 
while loose wavy masses of fibers penetrate 
the dorsal posterior portion directly (PI. 
II, Fig. 7 >. 

Besides varying in cell type, the pars 
intermedia varies in size. Jn some it is large 
while in others it is much reduced, forming 
a thin layer over the uebergangsteil and a 
small posterior part. 

C. Uebergangsteil 

The uebergangsteil is the most changeable 
part of the gland, varying both as to size 
and as to proportions of its three cell types, 
basophiles, acidophiles and chromophobes 
(PL I, Fig. G; PL II, Figs. 7, 8). Sometimes 
single cells or islets of cells lie free among 
the fibres of the pars nervosa. 

The most common type of cell is a large 
polygonal or round deeply staining carmine 
red cell with well defined borders. The cyto¬ 
plasm is filled with coarse carmine-colored 
granules. The nuclei are spherical to ovoid 
with a fine granular light red chromatin 
reticulum surrounding a centrally located 
brilliant red nucleolus. In some pituitaries 
these cells w^ere present almost exclusively 
(PL I, Fig. G). Other glands have an ueber¬ 
gangsteil which is heavily basophilic with 
a few r scattered acidophiles and chromo¬ 
phobes. In such glands the stainable ma¬ 
terial of the acidophiles is often dumped 
and peripheral in location. The basophiles 
closely resemble the acidophiles in size and 
shape and their nuclei appear identical (PL 
II, Fig. 8). Their cytoplasm is optically 
homogeneous and varies in staining capacity 
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from pale gray-blue to deep blue. In some 
glands basophiles are present only in one 
or two spherical, centrally located masses 
which may be exclusively basophilic or 
may contain some acidophiles also. Chromo¬ 
phobes are smaller, poorly outlined and 
faintly pink-staining cells, more prevalent, 
if present at all, in the ventral region of the 
uebergangsteil. Their nuclei are similar to 
those of the ehromophiles, 

II. Xiphophorvs hvileri. 

The pituitary of Xiphophorvs is typically 
deeper dorso-ventrally than that of Platy - 
poecilits variatus and is more concave at 
its dorsal surface (PI. I, Fig. 4). 

Cell types of the four portions of the 
gland correspond to those described above 
with the exception that several small patches 
of basophiles are usually present in the pars 
anterior (PI. I, Fig. 4). These have a 
small amount of fleecy, indistinctly outlined 
bluish-gray cytoplasm and nuclei with a 
coarsely granular, similarly colored chro¬ 
matin reticulum. They resemble quite closely 
the cells of the tongue-like portion of the 
pars anterior. 

Another difference from Plat ypor cilia is 
found in the arrangement of the cells of the 
uebergangsteil. In Xiphophorvs cells of this 
region form a deep mass heavily penetrated 
by small curving fibrous tracts enclosing 
blood vessels, which, in median sagittal sec¬ 
tions, appear to divide the tissue into 
rounded islands (PI. I, Fig. i). In Platy - 
poecilus the uebergangsteil is a thinner, 
more convoluted layer through which the 
nervosa processes pass in a more direct 
manner. 

III. Lcbistes i eticnlatns 

The pituitary of Lcbistes reticnlatnx is 
slightly more elongate and dorso-ventrally 
flattened than either of the preceding (PI 
I, Fig. 5; PI. II, Fig. 10). Fewer nervosa 
processes penetrate the tongue-like portion 
of the pars anterior than is the case in 
Platy pot cihtx variaius. The uebergangsteil 
is more of a convoluted la\or than in Platy - 
po(cliffs (PL II, Fig. 10), and is heavily 
penetrated by nervosa processes with their 
blood vessels. One or two conspicuous masses 
of basophiles are characteristically present 
in the central region of the uebergangsteil. 

In the pars intermedia of Lcbistes a broad 
fibrous tract often reaches from the pos¬ 
terior end of the nervosa, postero-ventrally 
to the median ventral border of the gland. 
This is not shown in the figures of Lcbistes 
but may be seen in PL I, Fig. 3, of Mollien- 
isia sphenops , and Pl. II, Fig. 9, of Limia 
tricolor. 

Cell types and arrangement are almost 
identical with those of Platypoccilvs. How¬ 
ever, patches of pale basophiles, similar to 
those of Xiphophomts, are occasionally pres¬ 
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ent in the pars anterior, especially in the 
Trinidad variety of Lcbistes . 

IV. Limia tricolor 

The pituitary of Limia tricolor is similar 
in shape to that of Xiphophorns (PL II, 
Fig. 9). The pars anterior is heavily pene¬ 
trated by nervosa processes as in the case 
of Platy poccilvs. A broad tract of nervosa 
fibres cut through the uebergangsteil and 
pars intermedia to the median ventral sur¬ 
face of the gland as in the case of Lcbistes. 

Cell types correspond to those in Xipho- 
phorus, sparse groups of basophiles being 
characteristically present in the pars 
anterior. 

V. Mollicuisia sphenops 

The pituitary of MoUionsia sphenops is 
different in shape from all the others, being 
almost perfectly rounded, and flattened 
dorso-ventrally, (PL 1, Fig. II; PL II. Fig. 
12). Like Lcbistes and Limia it has a broad 
nervosa tract extending postero-ventrally 
through the uebergangsteil and pars inter¬ 
media to the median ventral surface of the 
gland. Occasional pale basophiles are found 
scattered in the pars anterior as in the case 
of Xiphophoi ns , and are also present along 
the nervosa processes entering the pars 
anterior. 

The uebergangsteil is more highly convo¬ 
luted than in Platypoccilns and Ldnstts , 
and often a linear arrangement of carmine- 
colored acidophiles forms a border between 
the nervosa and basophiles and acidophiles 
of the deeper layer of the uebergangsteil 

VI. Motlicnisia UtLpinna 

The pituitary of Mollicuisia latipuma is 
most similar in shape to that of Xiphopho¬ 
rus helled (PL T, Fig. 1 ). The extension of 
the infundibular cavity, the recessus hypo- 
physeus, penerates the gland more deeply 
than in any of the other species. Many ner¬ 
vosa processes with their blood vessels pene¬ 
trate the tongue-like portion of the pars 
anterior to be distributed throughout the 
basophilic part of the pars anterior. Along 
these processes, and scattered in small 
groups throughout the mass of acidophiles, 
are pale basophiles, a condition similar to 
that found in Mollienisia sphevops. 

Discussion. 

I. Anatomy 

Pituitary morphology and histology are 
fundamentally similar in the six species of 
poeciliids examined. The glands most closely 
resemble those of the egg laying poeeiliid, 
Fundulus , and the ovo-viviparous poeeiliid, 
Jemjnsia lineata , as described by Scruggs 
(1939) and Rojas et al. (1934) respectively. 

The infundibular stalk is highly variable 
among teleosts, being almost non-existant 
in Mormyrus (Stendell, 1914), the pituitary 
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being held close to the brain, and short in 
F undid in s* (Matthews, 1936) and Carassius 
anratus (Bell, 1937, 1938; Levenstein, 1939; 
Scruggs, 1939). In Lophius piscaiorius (de 
Beer, 1926) the stalk reaches its highest 
development, extending anteriorly for a 
considerable distance. It may be solid as 
in Carassius or hollow as in P mi git us 
(Scruggs, 1939) and in the poeciliids de¬ 
scribed here. 

No structure comparable to a sella turcica 
is present in the teleosts. In Fundulus 
(Matthews, 1936) and Carassius (Bell, 
1938; Levenstein, 1939) the pituitary is 
protected by the parasphenoid bone. The 
poeciliid crania of this investigation differ 
from the above, being of the platybasic type 
a*< described by Kingsley (1936). The cra¬ 
nium door is composed of calcified connec¬ 
tive tissue which spreads out laterally over 
the trabeculae cranii. The pituitary projects 
\entrally into the hypophyseal fenestra, a 
depression in the floor of the cranium. 

A. Pars Nervosa 

The pars nervosa protrudes into the gland 
at different angles in various teleosts. In 
Cam^stu s (Bell, 1938; Levenstein, 1939) 
and in Cupnuui s* (Scruggs, 1939) the gland 
is tilted forward and the nervosa runs an¬ 
teriorly In Amelin u s nebulosus ( Scruggs, 
193,9) the pituitary is tilted backward and 
the nervosa runs posteriorly. In the poe- 
cilihK investigated here the pituitary is 
directly beneath the infundibular stalk and 
the nervosa is directed vertically downward 

A lecessus hvpophyseus representing an 
extension of the infundibular cavity into 
the nervosa, is present in J( nyvsia (Rojas 
et al , 1934), Fundulus (Matthews, 1936), 
and in the poeciliids of this investigation. 
It is lacking in some teleosts, as Caiassius 
(Bell, 1938; Levenstein. 1939) and Amci - 
ur» s Scruggs, 1939). 

There is also much variation in the num¬ 
ber of nervosa processes given off and in 
theii oenetration of the various portions of 
the irland In Pseudoplem oiu et( s amvrica - 
nus and Cyprhius cavpio (Scruggs, 1939) 
the nervosa processes are limited exclusively 
to the pars intermedia; in Fundulus , to pars 
intermedia and uebergangsteil; in Cara,s- 
siu s*, Jnn/nsia and the poeciliids of this 
report, the nervosa processes go to all parts 
of the pituitary. 

B. Pars Anterior 

The proportions, contacts and positions 
occupied by the various portions of the 
pituitary in different teleosts are highly 
variable. In Carassius (Bell, 1938; Leven¬ 
stein, 1939; Scruggs, 1939) and in Cyprimis 
carpio (Stendell, 1914; Scruggs, 1939) the 
pars anterior is small, dorsal in position 
and makes contact with the uebergangsteil 
mostly and the nervosa only in a limited 


area. In Notemigonus (Scruggs, 1939) it is 
large and anterior in position, making con¬ 
tact with the uebergangsteil and the main 
portion of the nervosa. In Ameiurus nebu- 
losus the pars anterior is small. It is ante¬ 
rior and ventral in position, again making 
contact with uebergangsteil and nervosa 
(Scruggs, 1939). In the fishes of the inves¬ 
tigation the pars anterior is very large, 
anterior in position, and touches nervosa, 
uebergangsteil and pars intermedia. The 
variations, however, are more apparent than 
real, being due in large part to a tilting of 
the pituitary either backward or forward. 

A pars anterior has been reported for 
all teleosts examined except Esox niger 
(Scruggs, 1939) and Fundulus (Matthews, 
1936). However, in his 1937 paper Matthews 
decided that the anterior portion of the 
pituitary, previously called the uebergang¬ 
steil, was actually the pars anterior. This 
was substantiated by Scruggs (1939) on 
the basis of staining reactions. In the case 
of Esox niger Scruggs found no portion 
taking a stain like that of the pars anterior 
of other teleosts; Stendell (1914), however, 
describes a small pars anterior for Esox 
Indus. 

C. Pars intermedia 

The pars intermedia of teleosts has 
usually been identified by its close relation¬ 
ship with the pars nervosa. Stendell (1914) 
shows an intimate relationship of the two 
parts in the primitive Mormyrus, while in 
the higher tcleost, Esox lucius, the pars 
intermedia is more posterior in position and 
retains its association with the nervosa by 
means of nervosa processes extending out 
into it. It extends forward ventrally, reach¬ 
ing or nearly reaching the posterior end of 
the pars anterior, thus surrounding the 
uebergangsteil ventrally. While Matthews 
(1937) divides the pituitary of Fundulus 
into only two epithelial portions, a pars 
anterior and a pars intermedia, Scruggs 
(1939) shows that the latter portion may 
be differentiated, by the Dawson & Fried- 
good (1938) method, into two portions com¬ 
parable to the pars intermedia and the 
uebergangsteil of other teleosts. The pitui¬ 
tary of the poeciliids of this investigation 
compare with that of Fundulus as found by 
Scruggs, having an uebergangsteil adjacent 
to the pars nervosa and a pars intermedia 
which surrounds it laterally, ventrally and 
posteriorly. Connection w'ith the nervosa is 
direct posteriorly and by means of nervosa 
processes extending through the uebergang¬ 
steil centrally and anteriorly. 

D. Uebergangsteil 

The uebergangsteil is present in some 
cyelostomes and all teleosts. It is highly 
variable in the latter! the simplest condi¬ 
tion being found in Mormyrus wdiere the 
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pars anterior, uebergangsteil and pars in¬ 
termedia are arranged in linear order with 
no distinct boundaries between them. In 
Gasterostcm t (Bock, 1928) connective tissue 
septa separate the parts. In Carassius av- 
ratus (Bell, 1938) the uebergangsteil is 
very large, bordered by connective tissue, 
and forms most of the anterior part of the 
gland. In Esox viger (Scruggs, 1939) no 
pars anterior is reported and the uebergang¬ 
steil occupies the antero-dorsal region of 
the gland, being in size, shape and location 
similar to the pars anterior of Carassius 
avratns. The uebergangsteil of the poeciliids 
investigated here has no connective tissue 
septa, is moderately large, and as in most 
teleosts, lies between the pars anterior and 
the pars intermedia, a portion of the latter 
extending over it, however, in the middle 
region of the gland. It is highly variable in 
individuals of the same species, being a 
large deep layer in some, a thinner layer in 
others. In Lebistes , Platypoecilus and Mol- 
lienisia sphen ops it tends to be highly con¬ 
voluted while in the other species examined 
it is a thicker, less folded layer. 

II. Histology 

A. Pars Nervosa 

Stendell (1914) described the nervosa 
most completely. It is composed chiefly of 
neuroglia cells. The infundibular cavity and 
recessus hypophyseus are lined with primi¬ 
tive ependyma cells having protoplasmic 
extensions both Initially and distally. Bock 
(1928) confirms these findings in Gasteros- 
teus. Through the neuroglia network Stendell 
describes lymph tracts, blood vessels and 
connective tissue. Stolon-like nervosa proc¬ 
esses extend to all parts of the gland. He 
interprets the structure of the nervosa as 
providing the means of absorption of pars 
intermedia secretions by way of lymph and 
blood vessels. Colloid masses among nervosa 
fibres, he believes represent secretion of 
degenerating pars intermedia cells. Collin 
(1924), in mammals, Fiorentin & Weiss 
(1931), Fiorentin (1934) and Rojas et al. 
(1934), in teleosts, hold the same theory of 
secretion and absorption. The structure of 
the pars nervosa of the poeciliids investi¬ 
gated here confirms that of the above au¬ 
thors. Nervosa processes ramify through¬ 
out all portions of the pituitary, especially 
the pars intermedia. Colloid masses of vary¬ 
ing size and amount are present in the ner¬ 
vosa and pars intermedia. Matthews (1936), 
Levenstein (1939), Scruggs (1939) and 
others call attention to masses of colloid in 
the nervosa. Stendell (1914) also notes 
many free cells of the pars intermedia ly¬ 
ing in the nervosa and believes that they 
degenerate inljo colloid. In the present work 
a number of free cells were seen lying in 
the nervosa, some appearing degenerate and 
closely resembling colloid masses. 


B. Pars Anterior 

The pars anterior of teleosts differs 
greatly from that of other vertebrates, con¬ 
sisting almost entirely of acidophiles, with 
sometimes a scattering of basophiles. En¬ 
tirely basophilic pars anteriors have been 
reported in the eel, Cyprinus , Esox Indus 
and in Carassius by Tilney (1911), Stendell 
(1914) and Bell (1938). However, modern 
technics have shown these same portions to 
be predominantly acidophilic (Fiorentin & 
Weiss, 1931; Scruggs, 1939; Levenstein, 
1939). These discrepancies thus appear to 
be due to differences in staining technics. 

In the present work the pars anterior is 
almost entirely acidophilic. Occasional sin¬ 
gle or small groups of pale basophiles raav 
be present, especially in Xiphophoi us, Limia 
and the Mollienisias. Their scarcity pre¬ 
cludes any great physiological significance. 
An additional type of cell, an orange aoido- 
phile, is described in some species by 
Scruggs, using the Dawson & Friedgood 
technic. These are difficult to interpret since 
in some species they are the predominant 
or exclusive type of cell present in the pars 
anterior while in others a few are present 
among a background of carmine-staining 
cells. Also similar orange cells are described 
in the pars intermedia of some species 

The arrangement of pars anterior cells 
differs greatly in the various groups ot tele¬ 
osts, varying from a compact condition v\ ith 
no special arrangement as found in the 
poeciliids in this report to a tubulai distri¬ 
bution in which the cells are arranged 
around lumina, as in the eel (Tilney, 1 ( H1 ) 
and in the Salmonidae (Scruggs, 1939) An 
intermediate condition, where the cells are 
arranged in solid cords, is seen in tin* cod 
(Herring, 1908). In those forms in which 
cord or tubule arrangement is present the 
cords or tubules are separated from one 
another by connective tissue septa Such 
separation is difficult to discern, oi absent 
in the compact type of gland. 

A pale basophilic or chromophobic tongue¬ 
like portion of the pars anterior has re¬ 
ceived little attention; Bock (1928) reports 
it in Caste 7 os feus and Scruggs refers to it 
briefly in the Salmonidae, Fuudulus and 
Pungitus . This portion is present in all the 
Poeciliidae investigated in the present re¬ 
port, occupying a position in the dorsal half 
of the gland, between the acidophilic part 
of the pars anterior and the pars nervosa 
It is a layer several cells in thickness, the 
cells adjacent to the pars nervosa being 
ependyma-like, oriented with their Ion< v av*‘s 
perpendicular to their contact with the 
nervosa. 

C. Pars Intermedia 

Most of the recent work on teleost pitui- 
taries shows the pars intermedia to be com¬ 
posed almost entirely of small pale-staining 
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basophiles. Scruggs (1939), using the 
Dawson & Friedgood technic, also found a 
varying number of orange cells. In Esox , 
Scruggs describes basophiles, orange cells 
and carmine cells; in Fundulus, basophiles, 
chromophobes and orange cells. Matthews 
*1936) describes acidophiles of the pars 
intermedia lining the nervosa processes. 
These cells, however, seem to belong to the 
uebergangsteil as described by Scruggs in 
the same species, rather than to the pars 
intermedia. The poeciliids investigated in 
the present report closely resemble Fundu- 
lus in pituitary structure. In these the pars 
intermedia, with the Masson stain, is en¬ 
tirely basophilic. The uebergangsteil lies 
between part of the intermedia and the ner¬ 
vosa, and deep red cells of the uebergang¬ 
steil often line the nervosa processes. 

The arrangement of cells in the pars in¬ 
termedia is generally agreed to by all inves¬ 
tigators. In Anguilla and Ewx <Stendell, 
1914) polygonal cells form a compact stra¬ 
tum traversed by many nervosa processes. 
Bordering the nervosa processes the cells 
become cuboidal to columnar, forming an 
epithelium. Bell (1938) describes the cells 
of the pars intermedia of Cara smut s* as ovoid 
or polygonal but forming an epithelial layer 
about the nervosa processes. Scruggs de¬ 
scribes the intermedia cells of Carassius as 
indistinctly outlined In the present work 
the pars intermedia shows a compact ar¬ 
rangement with polygonal or indistinctly 
outlined cells. An epithelial arrangement 
may occasionally be found adjacent to ner¬ 
vosa processes. 

The pars intermedia varies both in struc¬ 
ture and in the proportion of the gland 
which it occupies. Rojas et al. describe the 
disappearance of topical cells in the pos¬ 
terior portion and the appearance of colloid 
droplets in this location. The same condition 
i« noted in the pars intermedia of the poe¬ 
ciliids investigated here The dorsal portion 
of the intermedia is sometimes filled with 
small colloid droplets and few typical cells 
are present. Herring (1908) was the first 
to note such colloid in his work on the cod, 
and since then Stendell (1914) and many 
others have called attention to its presence. 
Scruggs (1939) reports a decrease in the 
size of the pars intermedia of Fundulus in 
January as compared with June. The pars 
intermedia of the poeciliids investigated 
here shows considerable variation in the 
proportion of the gland which it forms. In 
some cases a portion of its territory is occu¬ 
pied by large basophiles which appear to 
belong to the uebergangsteil. 

D. Uebergangsteil 

The uebergangsteil is composed of acido¬ 
philes and basophiles in the eel and in 
Mormyrus , acidophiles predominating in the 
former and basophiles in the latter (Sten¬ 


dell, 1914). In the stickleback (Bock, 1928) 
chromophobes and a few basophiles are pres¬ 
ent. Scruggs (1939) finds no acidophiles in 
the uebergangsteil of the eel, only basophiles 
and chromophobes being present. In most of 
the teleosts examined by him, he reports 
deep-staining acidophiles and basophiles, 
and chromophobes. The poeciliids examined 
here have the three characteristic cell types. 

Uebergangsteil cells may form a compact 
mass with acidophiles and basophiles scat¬ 
tered in groups (Bell, 1937, 1938; Charip- 
per, 1937; Levenstein, 1939; Scruggs, 1939) 
or a folded epithelial configuration as seen 
in Scruggs’ figures of the Centrarchidae and 
Poeciliidae. A similar condition is seen in 
the figures of Matthews (1936), Rojas et 
al. (1934) and in the poeciliids of this 
investigation. 

Cell type proportions are highly variable 
in the uebergangsteil of any single species. 
Bock (1928), Rojas et al. (1934), Matthews 
(1936) and Scruggs (1939) all call atten¬ 
tion to changes in cell types. Matthews finds 
seasonal changes in the proportionate num¬ 
ber of acidophiles and basophiles of Fundu - 
his. A particular type of basophile is present 
in the posterior part of the pars intermedia 
only at certain times of the year. Scruggs 
also reports seasonal changes in the Fuudu- 
lus pituitary and describes the migration of 
large deep-staining basophiles which invade 
the posterior part of the pars intermedia. 
In this investigation, large basophiles are 
present in many specimens in the posterior 
part of the pars intermedia, similar to those 
of the uebergangsteil Also great variability 
is manifested in percentage of basophiles 
and acidophiles in different individuals, the 
uebergangsteil of some being almost entirely 
basophilic, others almost entirely acidophi¬ 
lic, still others having varying proportions 
of each. These variations are suggestive oi 
a regulated cyclic variation which may be 
related to the reproductive cycle. However, 
cell counts failed to establish any definite 
relationship between stages of the repro¬ 
ductive and percentage of cell types. 

E. Colloid 

Herring (1908) first called attention to 
colloid in the cod pituitary. Stendell (1911) 
emphasized the functional relationship be¬ 
tween nervosa and pars intermedia and pos¬ 
tulates two methods of secretion by the 
intermedia, one by release of minute colloid 
droplets which are absorbed by the nervosa 
processes. In the second, intermedia cells 
wander into the nervosa and disintegrate, 
forming secretory material which is ab¬ 
sorbed by the nervosa. Rojas et al (1934) 
and Florentin (1934) likewise describe holo¬ 
crine secretion in teleost pituitaries. Rojas 
states that cells of the, posterior part of the 
pars intermedia degenerate and only colloid 
is left in their place. Matthews (1936) de- 
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scribes acidophilic colloid in the nervosa 
which closely resembles the secretory inclu¬ 
sions of the acidophiles of the pars “inter¬ 
media” as described by him. In the poeciliids 
investigated here the posterior portion of 
the pars intermedia is highly colloidal in 
many specimens and few cells are present. 
In others the region is cellular and has little 
or no colloid. Also single cells or small 
groups of cells from the uebergangsteil are 
sometimes present in the nervosa, many of 
them apparently in the process of disinte¬ 
gration and closely resembling some of the 
colloid masses. Thus both types of secretion 
as interpreted by Stendell (1014) are con¬ 
firmed in this report. 

F. Blood Supply 

Bock (1928) and Bell (1938) describe 
poor vascularization in the pituitaries of 
Gaxterosteux and Caraxxiux respectively. On 
the other hand, a heavy vascular supply is 
described in the eel (Tilnoy, 1911) and 
Cupturns and Exox (Stendell, 1914). The 
poeciliids investigated here most closely re¬ 
semble the eel in vascularity. Large vessels 
in the nervosa radiate outward in all direc¬ 
tions within the nervosa processes, and 
penetrate all parts of the gland. 

G. Homologies 

Establishment of homologies of the parts 
of the teleost pituitary with those of mam¬ 
mals is desirable as a prelude to experi¬ 
mental work. Stendell (1914), Charipper 
(1937), Bell (1938) and Levenstein (1939) 
homologize the teleost uebergangsteil with 
the mammalian pars anterior Levenstein 
shows two types of chromophobes in the 
uebergangsteil having Golgi corresponding 
to those of the acidophiles and basophiles 
of this portion. This compares with the 
findings of Addison (1916), Atwell (1929), 
Severinghaus (1933) and Kirkman (1937) 
in mammals. The present work shows three 
types of cells in the teleost uebergangsteil 
similar to those in the mammalian pars an¬ 
terior. The pars intermedia of mammals 
and teleosts occupies a similar position and 
is almost exclusively basophilic. 

The pars anterior of teleosts is inter¬ 
preted by Bock as a portion unrelated to 
the pars anterior of higher vertebrates. 
Charipper (1937) and Bell (1938) compare 
it with the pars tuberalis of higher forms 
on the basis of location, cord-like arrange¬ 
ment of cells and basophilic staining reac¬ 
tion. Scruggs (1939), using the Dawson & 
Friedgood technic, finds the teleost pars 
anterior to be acidophilic, however, while 
the pars tuberalis of mammals is chromo¬ 
phobic with the same technic. In the pres¬ 
ent investigation a tongue-like portion of 
the pars anterior, occupying a position along 
the dorso-anterior surface of the nervosa, 
close to the infundibular stalk and brain, 


takes a pale basophilic or chromophobic 
stain. Bock (1928) and Scruggs (1939) 
describe a similar portion in several teleosts. 
This portion seems to compare more favor¬ 
ably with the pars tuberalis of higher forms. 
If this be the case, then the rest of the pars 
anterior can be considered only as a sepa¬ 
rate structure characteristic of teleosts and 
of some cyclostomes. 

Summary and Conclusions 

1. The pituitaries of the six species of ovo- 
viviparous poeciliids conform, in the 
presence and general disposition of epi¬ 
thelial and nervous portions, with the 
structure reported for other teleost 
fishes. The four portions are the pars 
anterior, pars intermedia, uebergang¬ 
steil and pars nervosa. 

2. Boundaries between the parts are estab¬ 
lished by abrupt changes in cell type 
rather than by connective tissue septa. 

3. The pars nervosa consists of a solid mass 
of fibrous tissue and neuroglia cells. It 
occupies the dorsal and central portion 
of the pituitary gland and sends solid 
root-like processes to all the epithelial 
portions. Within the nervosa are valu¬ 
ing amounts of colloid, usually violet- 
colored, large, amorphous masses and 
some finer acidophilic granules. 

4. The pars anterior is composed almost 
entirely of small orange-red acidophiles 
which show no special arrangement into 
cords or nests. A tongue-like strip of 
faintly basophilic or chromophobic cells 
separates the acidophilic portion from 
the pars nervosa throughout the dorsal 
half of the gland. 

5. Only occasional single or small groups 
of basophiles are present in the pars 
anterior of Xiphophorux hclleri , Litrtia 
tricolor, Mollinuxia latiphuia and Molli- 
cnixta xphettopx , and in a few Lebixtcx . 

6. The pars intermedia consists of small 
faintly-staining basophiles showing no 
special arrangement. The posterior re¬ 
gion is less cellular and more heavily 
penetrated by fibres from the nervosa 
and takes a \iolet color w T ith the Masson 
stain. The middle portion is heavily cel¬ 
lular and stains light blue. Many small 
vacuoles but little or no colloid are pres¬ 
ent in this region. 

7. The uebergangsteil is a thick layer of 
cells surrounding the pars nervosa com¬ 
pletely laterally but only on its ventral 
half anteriorly and posteriorly. It may 
form a highly convoluted layer typical 
of Lebixtcx and Platypoecilus variatus, 
or a thicker, less folded layer as in AT- 
phopliorux hellcri . In all cases many 
strands of the nervosa penetrate it to 
reach the middle portion of the pars 
intermedia. Large granular acidophiles, 
large and more homogeneous basophiles 
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and occasional chromophobes constitute 
the cellular population of this region. 

8. There appears to be a regulated varia¬ 
tion of the pars intermedia and the 
uebergangsteil in which the proportions 
occupied by the two parts varies in¬ 
versely. Not only do the proportions of 
the two parts change but also the ratio 
of basophiles and acidophiles in the 
uebergangsteil changes. No correlation 
was established, however, between these 
changes and stages of the reproductive 
cycle. 

9. The pars anterior, intermedia and ner¬ 
vosa have an abundant blood supply. The 
uebergangsteil has no direct blood sup¬ 
ply, but it is penetrated in many places 
by strands of the nervosa tissue, each of 
which ensheathes a blood vessel. The 
many foldings of the uebergangsteil 
layer bring most of the epithelial tissue 
in close contact with the blood vessels. 
In cases where the uebergangsteil is not 
convoluted the nervosa processes with 
their blood vessels show heavy anasto¬ 
moses with each other, thus dividing the 
epithelium into many patches or islands 
bordered by blood vessels. 
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EXPLANATION OF THE PLATE. 

All material illustrated has been fixed with a modified Kelly’s fluid, stained with the Masson 
stain, and cut at 5 micra (except Fig. 2 which was cut at 7 micra). 


Plate 1. 

Fig. 1. Median sagittal section through the 
infundibular stalk of a female Molliev - 
isia latipinna, showing the recessus 
hypophyseus, nervosa processes enter¬ 
ing the pars anterior and other por¬ 
tions of the gland. X 140. 

Fig. 2. Median sagittal section through the 
pituitary of Platypoecihis variatus 
showing pars nervosa and part of pars 
anterior. Neuroglia cells and fibres are 
visible in the pars nervosa. The tongue¬ 
like portion of the pars anterior is 
clearly visible. X 010. 

Fig. ‘1. Median sagittal section through the 
infundibular stalk of Mollievisia sphe- 
nops showing nervosa tract descending 
from the posterior region of the pars 
nervosa to the ventral border of the 
gland. A patch of basophiles is present 
in (he pars anterior, adjacent to a 
nervosa process. The convoluted ar¬ 
rangement of the uebergangsteil is 
apparent. Colloid is abundant both in 
the pars nervosa and in the posterior 
region of the pars intermedia. X 250. 

Fig. 4. Median sagittal section through the 
infundibular stalk of Xiphophorus 
hclleri showing the four portions of 
the gland. Small gray patches of baso¬ 
philes and the gray tongue-like por¬ 
tion can be seen in the pars anterior. 
Also, small fibrous Iracts carrying 
blood vessels can be seen penetrating 
the uebergangsteil. 175. 

Fig. 5. Median sagittal section through the 
infundibular stalk of the pituitary of 
a female Lebistex reticula! ns showing 
the different portions of the gland. 
The pituitary is more elongate and 
dorso-ventrally flattened than in the 
other species. X 200. 

Fig. 6. Cross section through the infundibular 
stalk of Platypoecilus variatus show¬ 
ing the sharp demarcation of the 
uebergangsteil (dark staining cells) 
from the middle region of the pars 


intermedia. Colloid bodies and nervosa 
processes can be seen in the nervosa. 
X 160. 

Plate II. 

Fig. 7. Median sagittal section through the 
infundibular stalk of a male Platy- 
poecilns varintw , the four portions of 
the gland. The pars anterior is com¬ 
posed almost completely of dark-stain¬ 
ing acidophiles. In the pars nervosa 
colloid bodies are seen among the neu¬ 
roglia cells and fibres. The uebergang¬ 
steil is composed of basophiles and 
acidophiles, some of which invade the 
pars intermedia ventrally. X 220. 

Fig. 8. Median sagittal section through the 
pituitary of Platypoecilus variatus, 
showing the large acidophiles and ba¬ 
sophiles of the uebergangsteil. Below 
them are the small basophiles of the 
pars intermedia. X 900. 

Fig. 9. Median sagittal section through the 
pituitary gland of Limia tricolor . A 
tract of pars nervosa fibres can be 
seen penetrating to the ventral border 
of the gland. Many colloid masses are 
present in this tract and in the dorsal 
posterior region. >' 240. 

Fig. 10. Cross-section through the infundibular 
cavity of the pituitary of Lebistcs 
reticulatus , showing the highly con¬ 
voluted uebergangsteil. X 200. 

Fig. 11. Cross-section through the mid-region 
of the pituitary of Platypoecilus van - 
atus } showing the pars nervosa sur¬ 
rounded by the uebergangsteil. Colloid 
bodies are prominent in the pars ner¬ 
vosa. Numerous blood vessels carried 
in nervosa processes penetrate the 
uebergangsteil. X 460. 

Fig. 12. Cross-section through the infundibular 
stalk of the pituitary of Mollievisia 
spheuops, showing a part of the pars 
anterior at the right. Beneath the 
gland may be seen the hypophyseal 
fenestra. X 160. 
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17 . 

The Synonymy of the Garter Snakes ( Thamnophis ), with Notes 
on Mexican and Central American Species. 

Hobart M. Smith. 


The accumulation in recent years of rela¬ 
tively large series of garter snakes from 
Mexico and Central America has made pos¬ 
sible a more satisfactory definition of the 
various species occurring in that area than 
was possible when Ruthven completed his 
study of the genus in 1908 (Hull. U. S. Nat. 
Mux., no. 61 ). The redefinition of them at¬ 
tempted here has made necessary a re¬ 
examination of types and type descriptions, 
and a number of surprising facts have come 
to light. While the allocation of names was 
undertaken chiefly to clarify the synonymy 
of Mexican garter snakes, all names which 
have been proposed in or subsequently re¬ 
ferred to the genus Thamuophix have been 
allocated. Since these are not available in 
any one place, they are listed below with 
original place of description, type locality 
and present status. The discussions which 
folio* this list concern only those species oc¬ 
curring in mainland Mexico and Central 
America. Specimen numbers, unless other¬ 
wise indicated, are from the U. S. National 
Museum. 

I am much indebted to Dr. K. H. Taylor 
for numerous courtesies, specimens and ad¬ 
vice; and to Dr. K. P. Schmidt for the op¬ 
portunity to study material in Field Mu¬ 
seum of Natural History. 

angustiroxtrix, Eatacnia. Kennicott, Proc. 

Acad. Nat. Scl. Phtla ., 1860, pp. 882 8. 
Parras, Coahuila. ~ T. rafipnnctatus X T. 
melanogaxter hybrid (or T. any Hutu ox- 
tnx, a valid species). 

arabdotax, Thamvojihix. Andrews, Zool. Scr. 
Field Mas. Nat. Hist., voi. 20, 1987, pn. 857 8. 
Oatmis, Quintana Roo. - T. sunhehrasti 

jiraeocala ris. 

at rata, Eatacnia. Kennicott. U. S. Par. R. R. 
Surv., vol. 12, I860, p. 296. California, r 
T. ordinoidex at rat ax. 

an rata, Eutaenia, Cope, Proc. V. S. Nat. Max., 
vol, 14, 1892, p. 659. Lake Valley, New 
Mexico. T. eqaex cyrtopxix. 

Ha ran is Miilleri, Tropidovotax. Trosehel, hi 
Muller, Reisen Ver. Staat., Can., Mex., 1865, 
pp. 610-611. Mexico. ~ T. melanogaxter 
canexcens. (Not binomial, therefore not 
available.) 


baron is-mulled , Tropidonotux. Boulenger, Cat. 
Snakes Brit. Mus., vol. 1, 1898, p. 226. Near 
Mexico City. = T. m. vtelanogaster, 
bipunctatux , T ropidonotus. Schlegel, Essai 

Phys. Serp., vol. 2, 1887, p. 820. Nashville, 
Tennessee. “ T. sirtalis sirtalix. 
bixeatata , Eutaema. Cope, Proc. Acad. Nat. 
Sci. Phila., 1888, p. 21. Klamath Lake, Ore¬ 
gon. ” T. ordinoidex ordinaides, 
bovalli , Thamnophis. Dunn, Hcrpetologica, 
vol. 1, 1940, pp. 191-2. Granada, Nicaragua. 
T. xannehraxti samichraxti. 
brack yxtoma , Eutaenia. Cope, Amer. Nat. t vol. 
26, 1892, p. 964. Franklin, Venango Co., 
Pennsylvania. ~ T . bafieri, 
brumiea . Eatacnia clegnnx. Cope, Proc. V. S. 
Nat. Max., vol. 14, 1892, p. 654. Ft. Bidwell, 
California. — T. ordinoidex bixeatatax. 
batlcri, Eatacnia. Cope, Proc. U. S. Nat. Mus 
vol. 11, 1889, p. 899. Richmond, Indiana. ~ 
T. batlcri. 

canexcens, Thamnophis melanogaxter. See be¬ 
low. Chapala, Jalisco. 

cercb) oxnx, Thamnophis sumichrasti. See be¬ 
low 7 . Escuintla, Guatemala. 
dial eras, Prymnomiodon. Cope, Proc. Acad. 
Nat. Sci. Phila., 1861, p. 558. Siam, in error. 
- T. so a lit ax choice ax. 

chryxoccphala, Eatacnia. Cope, Proc. Amer. 
Phil ox. Soc ., vol. 22, 1885, pp. 178-174. Ori¬ 
zaba, Veracruz. * - T. chryxocephalux. 
eolfanx, Tronidonotas. Jan, EJenco Sist. Ofidi, 
1868, p. 69. Mexico. T. eqaes equex. 
eoncinuux, Tropidonotux. Hallowell, Proc. Acad. 
Nat. Sci. Phila., vol. 6, 1852, p. 182. Ore¬ 
gon. T. sirtalix concinnnx. 
cooped , Eatacnia. Kennicott, U. S. Pac. R. R. 
Surv., vol. 12, 1860, p. 296, pi. 15, fig. 1. 
CathlapooPl and Willopah Valleys, Wash¬ 
ington. ’ T. ordinoidex ordinoidex. 
coachii, Eatacnia. Kennicott, IT. S. Pac. R. R. 
Surv., vol. 10, 1859, p. 10. Pitt River, Cali¬ 
fornia. ~ T. ordinoidex coachii. 
cyclides, Thamnophis cyrtopxix. Cope, Proc. 
Acad. Nat. Sci. Phila., 1861, p. 299. Cape 
San Lucas, Baja California, in error. = T. 
equex eques. 

cyrtopxix , Eatacnia. Kennicott, Proc. Acad. 
Nat. Sci. Phila., 1860, p. 883. Rinconada, 
Coahuila. = T. eqaes cyr'ojisix. 
digaeti, Tropidonotux. Mocquard, Nouv. Arch. 
Mus. Hist. Nat. Paris , sor. 4, vol. 1, 1899, 
p. 327. Mulege and San Ignacio, Baja Cali¬ 
fornia. ~ T. digueti. 
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dorsalis, Eutaenia . Baird & Girard, Cat. N. 
Amer. Rept., 1863, pp. 31-32. Between Mon- 
clova and Rio Grande, Texas, in Coahuila. = 
T. sirtalis parietalis . 

eburatus, Thamnophis . Taylor, Herpetologica , 
vol. 1, 1939, pp. 187-189, pi. 19, text fig. 2. 
Ccrro San Felipe, 1700 meters, Oaxaca.— 
T. chrysocephalus . 

elegans, Eutaenia. Baiid & Girard, Cat. N. 
Amer. Rept., 1863, p. 34. Eldorado Co., Cali* 
fornia. — T . oidinoides elegans. 
eques, Coluber. Reuss, Zool. Misc 1834, pp. 
152-156, pi. 8, fig. 2. Mexico. — T. eques 
eques. 

errans, Thamnophis ordinoides. See below. 

Colonia Garcia, Chihuahua. 

Faireyi, Eutaenia. Baird & Girard, Cat. N. 
Amer. Rept., 1853, p. 25. Prairie Mer Rouge, 
Louisiana, r— T . sauritus proximus. 
flanilabris , Eutaenia . Cope, Proc. Acad. Nat. 
Sei. Phila., 1866, p. 306. Tableland or south¬ 
ern mountains of Mexico. T. macrostemma 
macrostemma. 

fulrus, Eutaenia cyrtopsis. Bocourt, Miss. Sci. 
Mex., Rept., 1893, pp. 777-8, pi. 62, fig. 2. 
Alta Verapaz, Guatemala.* T. sumichrasti 
fulvns. 

gigas, Thamnophis ordinoides. Fitch, IJniv. 
Calif. Publ. Zool., vol. 44, pp. 69-73, pi. 5, 
fig. 7, pi. 7, fig. 7. Gad wall, Merced Co., 
California. 

glaphyros, T ropidonotus. Jan, Elenco Sist. 
Ofidi, 1863, p. 70. North America.-i- T. 
radix. 

godmani , 7ropidonotus. Gunther, Biol. Centr. 
Amer., Rept., 1894, p. 133. Omilteme, Guer 
rero. — T. scalaris godmani. 
graminea , Eutaenia sirtalis. Cope, Proc. V. S. 
Nat. Mus ., vol. 11, 1889, p. 399. Brookville, 
Indiana, ~ T. sit tails sirlalis. 
halophilus , Thamnojdiis. Taylor, Herjtetologica , 
vol. 1, 1939, pp. 183-187, pi. 19. text-fig. 1. 
Seven kilometers north of Zacualtipan, 
Hidalgo. — T. phenax halophilus. 
hammovdii, Eutaenta. Kennicott, Proc. Acad. 
Nat. Sci. Phil a., 1860, p. 322. San Diego and 
Ft. Tejon, California. =■ T. hammovdii. 
Haydenii , Eutaenia. Kennicott, Expl. Surv. W. 
100th Mer., vol. 12, pt. 2, 1860, p. 298. Ft. 
Pierre. Nebraska. ~ T. radix. 

Henshawi, Eutaenia. Yarrow, Proc. V. S. Nat. 
Mus., vol. 6, 1883, p. 152. Ft. Walla Walla, 
Washington. - T. ordinoides vagravs. 
hueyi , Thamnophis ordinoides. Van Denburgh 
and Slevin, Proc. Calif. Acad. Sci., ser. 4, 
vol. 13, 1923, p. 2. Arroyo Encantado, San 
Pedro Martir Mts., Baja California. 
hydro phila . Thamnophis ordinoides. Fitch, 
Amer. Midi. Nat., vol. 17, 1936, p. 648. Trail 
Creek Jackson Co., Oregon. 
ibibe, Coluber. Daudin, Hist. Nat. Rept., vol. 7, 
1803, pp. 181-3. Carolina. — T. sirtalis 
sirtalis. 

infemalis , Coluber. Blainville, Nouv. Ann. 
Mus. Hist. Nat. Paris, vol. 4, 1835, p. 291, pi. 
25, figs. 3-3a. California. = T. sirtalis in - 
fernalis. 

insigniarum, Eutaenia. Cope, Proc. Amer. 
Philos. Soc., vol. 22, 1885, p. 172. Chapulte- 
pec, Distrito Federal, Mexico. — T. macro¬ 
stemma macrostemma, 


jauresi, Tropidonotus. Dumeril & Bibron, Erp. 
Gen., vol. 7, p. 606. No locality. = T. sirtalis 
sirtalis. 

Kevnicotti, Tropidonotus. Jan, Elenco Sist. 
Ofidi, 1863, p. 70. North America. = T. sir¬ 
talis parietalis (?). 

leptocephala, Eutaenia. Baird & Girard, Cat. 
N. Amer. Rept., 1853, pp. 29-30. Puget 
Sound. — T. ordinoides ordinoides. 
lineolata, Eutaenia elegans. Cope, Proc. V. S. 
Nat. Mus., vol. 14, 1892, p. 655. Southern 
California. — T. ordinoides vagrans. 
macrostemma, Eutaenia. Kennicott, Proc. 
Acad. Nat. Sci. Phila ., 1860, p. 331. Mexico 
City, D. F. -- T. macrostemma macrostemma. 
marciana, Eutaenia. Baird & Girard, Cat. N. 
Amer. Rept., 1853, pp. 36-37. Red River, 
Arkansas [Oklahoma]. — T. marcianus. 
megalops, Eutaenia. Kennicott, Proc. Acad. 
Nat. Sci. Phila., 1860, p. 330. Tucson, Ari¬ 
zona; Santa Magdalena, Sonora. — T. macro¬ 
stem in a megalops. 

melanogaster , Tropidonotus. Peters, Monatsb. 
Berl. Akad. Wiss., 1864, pp. 389-390. Mexico. 
— T. melanogaster melanogaster. 
melanota, Eutaenia sirtalis. Higley, Trans. 
in*e. Acad. Sci. Arts Lett., vol. 7, 1889, p. 
163. Walworth Co., Wisconsin.- T. sirtalis 
sirtalis. 

melanotaenia, Eutaenia radix. Cope, Proc. 
C. S. Nat. Mus.., vol. 11, 1889, pp. 400-401. 
Brookville, Indiana. - T. radix, 
mcsomelanus , Tropidonotus. Jan, Elenco Sist. 
Ofidi, 1863, p. 73. Mexico. ~~T. melanogustc? 
mela nogaster. 

multimaculatus, Atomarchus. Cope, Amer. 
Nat., vol. 17, 1885, p. 1300. San Francisco 
River, New Mexico, near Arizona Boundary. 
~ T. rufipunctatus. 

nigt olatcns, Eutaenia. Brown, Proc. Acad. 
Nat. Sci. Phila., 1889, pp. 421-2. Tucson, 
Arizona. — T. marciana. 
nigrilatus, Eutaenia. Cope, Proc . V. S. Nat. 
Mus., vol. 14, 1892, p. 665. Tucson, Arizona. 
-- T. marciana (emendation of nig rotate ris 
Brown). 

obalskii, Tt opidonotus. Mocquard, Hull. Mus. 
Hist. Nat. Pans, 1903, no. 5, pp. 211-2. 
Black Lake, Canada, r - Thamnophis sirtalis 
sirtalis. 

obsenra, Eutaenia sirtalis. Cope, Expl. Surv. 
W. 100th Mer., vol. 5, p. 546. Westport, New 
York; Laeque Parle, Minnesota; Ft. Benton, 
Montana; California.*— T. sirtalis sirtalis. 
The name is here restricted to the five co¬ 
types (U.S.N.M. No. 974) from Westport, 
New York. 

ocellata, Eutaenia cyrtoosis. Cope, Bull. V. S. 
Nat. Mus., no. 17, 1880, pp. 22-23. Helotes, 
Bexar Co., Texas. T. eques cyrtopsis. 
olympia, Thamnophis leptocephalus . Meek, 
Zool. Ser. Field Mus. Nat. Hist., vol. 1, 1899, 
p. 235. Olympic Mts., Washington, r T. 
ordinoides ordinoides. 

ordinatus, Coluber . Linnaeus, Syst. Nat., ed. 
12, vol. 1, 1766, p. 379. Carolina. — T. sir¬ 
talis sirtalis. 

ordinoides , Tropidonotus. Baird & Girard, 
Proc. Acad. Nat. Sci. Phila., 1852, p. 176. 
Puget Sound. — T. ordinoides ordinoides. 
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ornata , Eutaenia. Baird, Kept. U. S. Mex. 
Boundary, 1859, p. 16, pi. 9. Indianola, 
Texas; Lower Rio Grande, Texas; San An¬ 
tonio, Texas. — T. sirtalis parietalis. 
pallidula, Thamnophis sirtalis. Allen, Proc. 
Dost. Soc . Nat. Hist., vol. 29, 1899, pp. 64-67. 
Intervale, New Hampshire. —: T. sirtalis sir¬ 
talis. 

parietalis, Coluber. Say in Long's Exp. Rocky 
Mts., vol. 1, 1823, p. 186. Stone Quarry on 
west side of Missouri River, 3 miles above 
the mouth of Boyer's River. — T. sirtalis 
parietalis . 

phenax, Eutaenia. Cope, Proc. Acad. Nat. Sci . 
Phila., 1868, p. 134. Cordoba, Veracruz (in 
error?). = T. phenax phenax. 

Pickeringii, Eutaenia. Baird & Girard, Cat. 
N. Amer. Rept., 1853, pp. 27-28. Puget 
Sound.- T. sirtalis pickeringii. 
plutonia , Eutaenia vagrans. Yarrow, Proc. 
V. S. Nat. Mus ., vol. 6, 1883, p. 152. Arizona. 
~ T. ordinoides vagrans. 
posti emus, Thamnophis eques. See below. Hda. 
El Sabino, Miohoacan. 

praeocularis, Eutaerna. Bocourt, he Natuial- 
iste , 1892, p. 278. Belize, British Honduras. 
— T. sumich rasti praeocula ris. 
proxunus , Colubei . Say, m Long's Exp. Rocky 
Mts., 1823, p. 187. Stone Quarry on west side 
of Missouri River, 3 miles above the mouth 
of Boyer's River. T. sauiitus proxunus. 
pulchnlatus, Eutaenia. Cope, Proc. Amer. 
Philos. Soc., vol. 23, 1885, p. 174. Probably 
Guanajuato. — T. eques eques. 
unlit, Eutaenia. Baird & Giiard, Cat. N. Amer. 
Rept., 1853, p. 31. Racine, Wisconsin. - T. 
rad u. 

inzellae, Thamnophis. Smith, Proc. Pnol. Soc. 
Wash., vol. 53, 1940, pp. 56-57. Pulenque, 
Chiapas. — T. sumichrasti sumichrasti. 
i ubnstnata, Thamnophis. Meek, Zool. Scr. 
Field Mus. Nat. Hist., vol. 1, 1899, p. 235. 
Olympic Mts., Washington. - T. oidmoidcs 
oi dino ides. 

i ufipunctatnm, Chilopoma. Cope, Rept. U. S. 
Expl. Surv. W. 100th Mei., vol. 5, 1875, p. 
511. Southern Arizona. - T. mfipnnctatus. 
millions, Eutaenia. (’ope, Pioc. Amer . Philos. 
Soc., vol. 22, 1885, pp. 388 9. Cozumel Island. 
— T. sauntns chalceus. 

sackenii, Eutaenia. Kennicott, Proc. Acad. Nat. 
Sci. Phila., 1859, p. 98. Florida. — T. sauri- 
tus sackenii. 

saunta. Coluber. Linnaeus, Syst. Nat., ed. 12, 
vol. 1, 1766, p. 385. Carolina. — T. sauritus 
sauntus. 

scalaris, Thamnophis. Cope, Proc. Acad. Nat. 
Sci. Phila., I860, p. 369. Jalapa, Veracruz. 
“ T. scalaris scalaris. 

scaliger, Ti opidonotus. Jan, Elenco Sist. Ofidi, 
1863, p. 70. No type locality. --- T. scalans 
scaliger. 

semifasciata, Eutaenia sntahs. (’ope, P oc. 
V. S . Nat. Mus., vol. 14, 1892, pp. 662-3. Aux 
Plaines, Illinois. — T. sirtalis sirtalis. 
sirtalis , Coluber. Linnaeus, Syst. Nat., ed. 10, 
vol. 1, 1758, p. 222. Canada. T. sirtalis 
sirtalis. 

stejnegeri, Thamnophis. McLain, Contr. Neotr. 
Herp 1899, pp. 4-5, pi. Salamanca, Guana¬ 
juato. in T. macrostemma megalops. 


sumichrasti , Eutaenia. Cope, Proc. Acad. Nat. 
Sci. Phila., 1866, p. 306. Orizaba, Veracruz 
(in error?). = T. sumichrasti sumichrasti. 
taenia, Coluber. Schoepf, Reise Ver. Staat., 
1788, vol. 1, p. 496. New York (?). = 2\ 
sirtalis sirtalis. 

tetrataenia, Eutaenia sirtalis. Cope, U. S. 
Expl. Surv. W. 100th Mer., vol. 5, 1875, p. 
546. Puget Sound, Washington; Pitt River, 
California. — T. sirtalis tetrataenia. 
trilineata, Eutaenia sirtalis. Cope, Proc. 17. S. 
Nat. Mu8., vol. 14, 1892, p. 665. Port Town¬ 
send, Oregon. — T. sirtalis concinnus. 
trivittatus, Tropidonotus. Hallowell, Proc. 
Acad. Nat. Sci. Phila., 1853, p. 237. Cosum- 
nes River, California.=7\ ordinoides elegans. 
twiningi, Eutaenia radix. Coues and Yarrow, 
Pull. U. S. Geol. Surv., vol. 4, pp. 279-280. 
Two Forks of Milk River, Montana. — T. 
radix. 

vagrans, Eutaenia. Baird & Girard, Cat. N. 
Amer. Rept., 1853, p. 35. California, in er¬ 
ror. r~ T . ordinoides vagrans. 
vicinus, Thamnophis. See below. Temaxeal, 
Michoacan. 

vidua, Eutaenia infernalis. Cope, Proc. U. S. 
Nat. Mus., vol. 14, 1892, p. 658. San Fran¬ 
cisco, California, =■ T. ordinoides atratus. 

Jan's Tropidonotus intermedins (Elenco 
Sist. Ofidi, 1863, p. 70, and Arch. Zool. Anat. 
Fis., vol. 3, 1865, p. 209), from unknown lo¬ 
cality, was placed, with question, in the 
synonymy of marcianus by Boulenger (Cat. 
Snakes, vol. 1, 1893, p. 210). This disposi¬ 
tion cannot be correct. The snake is de¬ 
scribed as follows (translation). “This ser¬ 
pent, of unknown provenance, differs prin¬ 
cipally from T. natnx, which it resembles 
not a little, by having 8 supralabials and 21 
series of scales. Behind the head are seen 
two spots that simulate a kind of collar, 
and on the body six series of small spots dis¬ 
posed alternately. Both upper and lower 
labials have a black border on lip; the pre¬ 
dominant tint is olive-color above and yel¬ 
lowish below. The specimen examined is 74 
centimeters long, of which 14 centimeters 
and 5 millimeters form the tail.” It is in- 
fened from this description that the anal 
is divided as in T. natrix. with which inter- 
mcclius is identical except in the characters 
mentioned; it is likewise apparent that no 
light stripes exist in the described specimen 
(lacking in vatrix). 1 believe the name is 
based upon some species which does not oc¬ 
cur in the western hemisphere. 

Thamnophis phenax phenax Cope. 

The five specimens known of this form 
are from “Cordoba” (Nos. 30498-9) and 
“Alpine Region, Orizaba” (No. 7079I3J). I 
believe the former locality is incorrect, as it 
is situated at an elevation of some 2,000 ft., 
in a humid forest zone. 

The subspecies is different from all other 
Thamnophis in having the large dorsal 
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blotches completely crossing the back. One 
specimen is of great interest, as in it the 
pattern is partially broken, and shows a 
stage intermediate between the striped pat¬ 
tern of most species and the singular one of 
phenax. Only the nuchal blotch is single; on 
the anterior half of the body the blotches 
are divided medially and alternate with each 
other, and a very irregular, zig-zag median 
stripe is made evident; at the middle of the 
body a median series of blotches, similar to 
the lateral blotches, becomes evident; and 
on the extreme posterior part of the body 
this median series of spots is divided into 
two, forming a total of four series of alter¬ 
nating spots on the body. An additional 
series of poorly defined spots occurs on each 
side, involving the outer two or three rows 
of scales, but these are visible also in the 
other specimens of phevax. The pattern of 
this aberrant specimen is highly suggestive 
of a primitive status for the typical phevax 
pattern, from which the striped patterns, 
with six series of spots, observable in all 
other Thamnophis , may have been derived. 


Most distinctive of halophilus and phenax 
is the peculiar head pattern, by which they 
easily are distinguished from close relatives. 

Thamnophis scalaris Cope. 

The most diminutive garter snake in Mex¬ 
ico is Thamnophis scalaris , a species dis¬ 
tinguished not only by its small size but 
also by its reduced number of supralabials 
(normally seven, rarely eight), very small, 
low loreal, a relatively small eye and head, 
and the tendency toward formation of a 
single row of large spots on each side to 
replace the usual double row. A median 
stripe is always present, but the lateral 
stripe is poorly defined or invisible, on the 
second and third scale rows (or second only) 
when visible. These characters define a form 
restricted to high elevations (conifer zone) 
on the central Mexican plateau. 1 

Since the areas to which these snakes are 
adapted are separated from each other by 
broad barriers in the form of semi-arid 
deserts and plains, a gradual divergence in 
different directions from the presumably 


Scale Counts of phenax phenax . 


Number 

Sex 

Scale Rows 

Ventrals 

Caudals 

Supra labials 

Infralabiak 

Proe 

Ptoc 

30499 

9 

19-19-17 

161 

65 

8-8 

9-9 

1-1 

3-3 

7079 

9 

19-19-17 

151 

60 

8-8 

11-11 

1-1 

3-3 

7079 


17-19-17-15 

160 

78 

7-7 

10-10 

1-1 

3-3 

7079 


19-19-17 

158 

76 

8-8 

9-10 

1-1 

3-4 

30498 

3 

19-19-17 

158 

73 

7-7 

9 10 

1-1 

3-3 


Thamnophis phenax halophilus Taylor. 

In addition to the type, one other speci¬ 
men is known, from Tequeyutepec, 7 miles 
west of Jalapa, Veracruz, at 5,600 ft. (No. 
110801). It is a male, with 19-19-17 scale 
rows, 156 ventrals, 71 caudals, 8-8 supra¬ 
labials, 11-12 infralabials, one preocular, 
three postoculars. The head has the pattern 
of phevax, with small, parietal spots and 
most of the remainder of the head light. A 
pair of large nuchal spots is present, and 
following these on each side is a double 
series of very small spots which decrease in 
size and distinctness posteriorly. 

In structural characters and form of body 
the present form is not distinguishable from 
phevax. It also has the same, peculiar head 
pattern. The differences between the tw T o 
are in body pattern; halophilus shows but 
little evidence of spots, while in phenax they 
usually are present, as a single series. A 
specimen of phenax shows a condition inter¬ 
mediate between the two pattern types, how¬ 
ever, and accordingly I have little doubt that 
halophilus is properly associated as a sub¬ 
species of phenax . The trend exhibited by 
halophilufr —toward reduction of pattern by 
subdivision and obsolescence of the spots— 
is exhibited also by a subspecies of scalaris 
( godmavi). 


more uniform character of the original 
stock has taken place in the various isolated 
populations. As a result three very well de¬ 
fined populations may be distinguished. 

Thamnophis si'alaris st'alaris Cope. 

Diagnosis. Supralabials usually seven; 
eye relatively small; scale rows usually 
17-19-15; ventrals KM to 145 in males, 186 
to 145 in females; caudals 69 to 77 in males, 
58 to 65 in females; usually a single row of 
spots on each side at least anteriorly; two 
vertical light lines, one on nape and one be¬ 
hind eye, enclosing a lateral extension of 
dorsal head color reaching to upper edge of 
labials; dorsal stripe splitting the two nape 
spots, or else a complete transverse light 
band preceding the fused nape spots. 

Specimens Examined. Thirty, as follows: 
Orizaba (Nos. 7076, 12115-6, 80497), Cruz 
Blanca (No. 110806, EHT-HMS No. 4989), 
Mt. Orizaba (FMNH Nos. 1517, 1523), Las 
Vigas (EHT-IIMS No. 27916), Cofre de 
Perote (EHT-HMS No. 5567), Veracruz; 
Mt. Orizaba, western side, 10,000 ft. (EHT- 


1 The bpecimens mentioned by Ruthven (op at , p. 129) 
from Guatemala are not scafans but belong to a subspecies 
of sumirhrasti {fuh>u\) They are discussed under the 
latter name in the following. 
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HMS No. 5566), Puebla ; El Chico National 
Park (EHT-HMS No. 23512), Guerrero 
(EHT-HMS No. 5568), Hidalgo; Mt. Popo¬ 
catepetl (No. 110815), Lake Zempoala (No. 
110816, EHT-HMS Nos. 5299, 5565, 21535), 
Mexico ; Tres Cumbres (EHT-HMS No. 
4964), Km. 54, 26 kilometers east of Cuer¬ 
navaca (EHT-HMS No. 4666), Morelos . No 
locality, EHT-HMS No. 23513. Data avail¬ 
able also on ANSP No. 11694, Jalapa, Vera¬ 
cruz (Ruthven, op. cit., p. 129), and the type 
(Cope, Joe. cit.) 

Variation. Usually the spots are in a sin¬ 
gle series on each side at least anteriorly, 
but some variation occurs. In certain speci¬ 
mens two rows are visible the entire length 
of the body (save the nuchal spots), and in 
some of these the posterior spots become 
very indistinct. The essential features of the 
head pattern are the two vertical light bars 
(one postocular and one on nape) which en¬ 
close an extension of the dorsal head color 
reaching the upper edges of the supra- 
labials; the nape spots are completely sepa¬ 
rated by the continuation of the middorsal 
light stripe to the occiput, or else the two 
nuchal light bars are prolonged and are 
fused medially in front of the fused nuchal 
spot s 

In some respects the type, as described by 
Cope, is not exactly typical of the sub¬ 
species; among other discrepancies are the 
8-8 supralabials. There is, however, no other 


known species of Thamnophis in that area 
to which the name may apply. One other 
specimen with 8-8 supralabials has been 
seen. 

Thamnophis scalaris godmani 

(Gunther). 

Diagnosis. Supralabials usually seven; 
eye relatively small; scale row r s usually not 
over 17, usually 15 or less in front of anus; 
ventrals 134 to 158; caudals 61 to 88 in 
males, 60 to 73 in females; head dark above, 
the color extending posteriorly to a trans¬ 
verse black line across nape, and postero- 
laterally to level of angle of mouth. 

Specimens Examined. Twenty-six from 
the states of Puebla (San Diego, No. 110810; 
Laguna San Bernardino (EHT-HMS Nos. 
27932-4); Pajaro Verde (No. 110811, EHT- 
HMS No. 23801); Oaraca (Oaxaca, Nos. 
46534, 46604, EHT-HMS Nos. 23774-5; 
Cerro San Luis, EHT-HMS No. 4997, Cerro 
San Felipe Summit, EHT-HMS Nos. 15978, 
15989); Veracruz (above Acultzingo, Nos. 
110807-9, EHT-HMS Nos. 5277-9, 5280-1, 
27932-4) and Guerrero (Omilteme, EHT- 
HMS Nos. 23779, 23781). Ten other speci¬ 
mens (including the types) are recorded by 
Boulenger (Cat. Snakes Brit. Mus , vol. 3, 
1896, p. 600) from Omilteme, Guerrero, and 
certain data given. 

Description (from No. 46534). Head 


Scale Counts in scalaris scalaris. 


Numtx j 

Scv 

S< al* Kows 

Ventral* 

C uudak 

Supra I 

Infral 

Proi 

Ptm 

1517 

8 

17-17-15 

138 

74 

7 7 

9-9 

1-1 

2 2 

1517 

6 

17 17 15 

137 

75 

7-7 

8-8 

1-1 

3-3 

1517 

( 

17 17-15 

138 

75 

7-7 

8-9 

1-1 

2-2 

7076 

J 

17-17-15 

142 

73 

7-7 

9-9 

1-1 

2-3 

7076 


17-19-15 

137 

72 

7 7 

9-9 

1-1 

3-3 

7076 

* 

17 19-15 

134 

76 

7-7 

8-9 

1-1 

3-3 

11694 

<?? 

17-19 15 

138 

73 

7 7 

9-9 

1-1 

3-3 

30497 

3 

17 19-15 

145 

75 

7-7 

10-10 

1 1 

3-3 

110806 

6 

17 19-15 

136 

77 

7 8 

9-10 

1 1 

3-3 

4989 

A 

17 19-17 

138 

— 

7-8 

9-10 

1-1 

3-3 

5568 


17-19-17 

137 

74 

7-7 

8-8 

1-1 

3-3 

23513 

t 

17 19-17 

140 

73 

7-7 

9-9 

1-1 

3-3 

5565 

j 

19-19-17 

133 

69 

7-7 

9-10 

1-1 

2-3 

21535 

6 

17-19-15 

1 42 

74 

7 7 

9-9 

1-1 

3-3 

5299 

S 

17-19-16 

137 

70 

7-8 

10-10 

1-1 

2-3 

23512 

9 

17-19-16 

145 

63 

7 7 

9-10 

1-1 

3-3 

5567 

9 

17-19-15 

139 

60 

7 7 

9-9 

1-1 

3-3 

5566 

9 

19-19-16 

140 

58 

7-7 

9-9 

1-1 

3-3 

110815 

9 

17-19-17 

144 

61 

7-7 

10-10 

1-1 

3-3 

110816 

9 

17-19-17 

136 

58 

7 7 

10-10 

1-1 

3-3 

4666 

9 

17-19-16 

141 

— 

7-7 

8-9 

1-1 

2-3 

4964 

9 

17-19-17 

140 

54 

7-7 

10-10 

1-1 

3-3 

1517 

9 

17-19-16 

141 

61 

7-7 

9-10 

l-l 

3-3 

1517 

9 

17-19-15 

136 

65 

7-7 

9-10 

1-1 

3-3 

1517 

9 

17-19-15 

140 

66 

7-7 

9-9 

1-1 

8-3 

1517 

9 

17-19-15 

138 

60 

7-7 

8-8 

1-1 

2-3 

1523 

9 

17-19-17 

144 

61 

7-7 

9-9 

1-1 

2-3 

7076 

9 

17-19-15 

145 

58 

7-8 

10-10 

1-1 

3-3 

12115 

9 

17-19-15 

135 

59 

7-7 

9-9 

1-1 

3-3 

12116 

9 

17-19-17 

136 

53 

7-7 

9-9 

1-1 

2-3 

Type 

9? 

?-19-? 

143 

59 

8-8 

10-10 

1-1 

3-3 
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small, not markedly distinct from neck, 
short; suture between internasals equal to 
that between prefrontals; internasals about 
three-fourths as long as prefrontals, a little 
over half their area; latter extending far 
onto sides of head; preocular not in contact 
with frontal; latter hexagonal, shorter than 
its distance from tip of snout, more than 
twice as long as broad; nasal completely di¬ 
vided; loreal small (fused with prefrontal 
on one side); a single large preocular; three 
postoculars; temporals 1-2; supralabials 7-7, 
third and fourth entering eye; eye small, its 
vertical diameter a third greater than its 
distance from labial border, less than height 
of fifth labial; longitudinal diameter of eye 
(8.1 mm.) over half its distance from tip of 
snout (5.7 mm.); infralabials 9-10, 4-5 in 
contact with anterior chinshields; latter 
shorter and a little broader than posterior 
chinshields, which are separated medially. 

Dorsals in 17-17-1G rows, all of which are 
keeled; ventrals 147; caudals 64; total 
length 459 mm., tail 10G mm. 

Top of head uniform brown, the color ex¬ 
tending onto nape a distance of four scale 
lengths, where it is bordered by a black, 
transverse line; lips nearly white, except for 
black lines along the sutures between the 
labials; a very distinct, broad black line bor¬ 
dering penultimate labial above and pos¬ 
teriorly; dorsal color extending postero- 
laterally even with angle of mouth, uninter¬ 
rupted save by a vague lighter area imme¬ 
diately posterior to penultimate labial; be¬ 


ginning after transverse nape line, a light 
(brown) vertebral line on middorsal scale 
row, visible to tail; sides of body brown, of 
about same shade as top of head, becoming 
lighter on first and second scale rows, the 
color disappearing on ends of ventrals; two 
rows of very small, scarcely distinguishable, 
alternating spots on each side; the spots of 
lower row involving the third and fourth 
scale rows, the upper ones the seventh and 
eighth scale rows; the spots are more dis¬ 
tinct anteriorly than posteriorly. Belly and 
subcaudal surface dark slate; chin and 
throat cream; no black ventral marks save 
on the extreme anterior edges of ventrals 
(visible only by lifting overlapping portion 
of preceding ventrals). 

Variation. The 25 other specimens ex¬ 
amined show scarcely any divergence from 
the pattern of the described specimen. One, 
softer than the others, shows the lateral 
dark spots more plainly. In three the nuchal 
spots characteristic of scalcu is and many 
other Thannwphnt are visible, being darker 
than the dorsal head color; in No. 46534 
they are fused indistinguishably with the 
head color. The vertical dark bars are not 
regularly present on the anterior labials, but 
a curved line on the edge of the sixth labial 
is regularly present and the most distinct 
of all. 

The specimen with 19 scale rows has a 
short series of abnormally small scales in¬ 
tercalated on either side of the vertebral 


Scale Counts in scahtris godmani. 


Number 

Sex 

Seale Rows 

V< ntrnln 

Caudals 

Supra! 

Infrul 

True 

Ptoc 

5279 

3 

17-17-15 

153 

76 

7-7 

10-10 

1-1 

2-8 

46584 

3 

17-17-16 

147 

64 

7-7 

9-10 

1-1 

3-3 

46604 

3 

17-19-17-15 

147 

— 

7-7 

10-10 

1-1 

3-3 

110807 

3 

17-17-15 

145 

65 

7-7 

10-10 

1-1 

3-3 

110808 

3 

17-17-15 

149 

75 

7-7 

10-10 

1-1 

3-8 

Brit. M. 

3 


148 

80 

7-7 




Brit. M. 

3 


146 

74 

7-7 




Brit. M. 

3 


146 

81 

7-7 




Brit. M. 

3 


146 

78 

7-7 




Brit. M. 

3 


149 

73 

7-7 




Brit. M. 

3 


145 

81 

7-7 




5277 

3 

17-17-15 

152 

76 

7-7 

10-10 

1-1 

3-3 

5280 

3 

17-17-14 

158 

77 

7-7 

10-10 

1-1 

3-3 

5281 

3 

17-17-15 

150 

73 

7-7 

10-11 

1-1 

3-3 

23775 

3 

17-17-15 

143 

65 

7-7 

10-10 

1-1 

3-3 

23779 

3 

17-17-15 

142 

88 

7-7 

10-10 

1-1 

3-4 

23774 

3 

17-17-15 

149 

61 

7-7 

9-9 

1-1 

3-3 

15989 

3 

17-17-15 

146 

65 

7-7 

10-10 

1-1 

3-3 

5278 

9 

17-17-15 

151 

68 

7-8 

10-10 

1-1 

3-3 

23781 

9 

17-17-15 

136 

71 

7-8 

10-10 

1-1 

3-3 

15978 

9 

17-18-16 

143 

63 

6-7 

10-10 

1-1 

3-3 

23801 

9 

17-17-15 

143 

64 

7-7 

9-10 

1-1 

3-3 

110809 

9 

17-17-11 

141 

64 

8-8 

9-10 

1-1 

2-3 

11022 

9 

17-17-14 

140 

57 + 

7-7 

10-10 

1-1 

3-3 

11551 

9 

17-17-15 

144 

60 

7-7 

9-10 

1-1 

3-3 

Brit. M. 

9 


142 

66 

7-7 




Brit. M. 

9 


145 

73 

7-7 




Brit. M. 

9 


134 

61 

7-7 




Brit. M. 

9 


141 

— 

7-7 




4997 

9 

17-17-15 

141 

— 

7-7 

9-10 

1-1 

3-3 
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row. One specimen has the penultimate and 
antepenultimate labials mostly fused. The 
one with 8-8 supralabials owes its higher 
count to the presence of a small i but com¬ 
plete) labial between the second and third 
labials. 

Comparisons. In scale characters this 
form is most like s. scalar is, but it differs 
from that by usually having no more than 
17 scale rows; typical scalaris usually has 
19 near the middle of the body. In details of 
head pattern the two are remarkably and 
constantly different. Typical scalaris has the 
median light stripe usually extending to the 
occiput, separating the nuchal blotches; if 
it does not reach the occiput the light areas 
bordering the nape spots anteriorly meet 
dorsall.v. Also a light, vertical, postocular 
band extends dorsally, to the supraocular; 
the dorsal head color extends laterally be¬ 
tween this postocular and the nuchal light 
lines, and terminates abruptly at the upper 
edge of the supralabials. 

Thamnophis scalaris scaliger (Jan). 

Ihaynosis. Supralabials usually seven; 
eye relatively small; scale rows usually 
19 19-17, never 17-17-15, occasionally 17- 
19-17, rarely 17-19-15; ventrals 136 to 151 
in males, 135 to 150 in females; caudals 51 
to 74 in males, 47 to 05 in females; a single 
row of spots on each side, seldom two rows; 
spots as a rule larger, more rectangular, 
than in s. scalaris; head pattern as in latter. 

Specimens Examined. Seventeen, from 
Mexico City (No. 12730) and Road between 
Tacubava and Desierto de los Leones (EHT- 
HMS No. 5298), Distrito Federal; 15 kilo¬ 
meters west of Toluca (Nos. 110812-4), 
Toluca (No. 32281), Rio Frio <EIIT-HMS 
Nos. 4990, 21524), Llano Grande near Rio 
Frio (EIIT-HMS Nos. 23510-11), and 8-10 
miles west of Villa Victoria (EHT-HMS 


No. 5571), Mexico; Mt. Malinche (EHT- 
HMS Nos. 5569-5570), Tlaxcala; Guana¬ 
juato No. 12675); 2 miles east of Rio Frio, 
Mexico, in Puebla (Nos. 110817-8); and 
Nahuatzen (No. 46553), Michoacan . 

Variation . In cephalic pattern this sub¬ 
species is like s. scalaris. In general its body 
pattern also is the same, except that the 
lateral spots are more frequently large and 
single. 

Comparisons. This form differs from s. 
scalaris primarily in the number of scale 
rows anteriorly and in front of anus; males 
may usually have more numerous caudals 
and ventrals. The race is conceived to have 
a central area of distribution, away from 
the periphery of the plateau; s. scalaris oc¬ 
cupies the eastern escarpment, which for 
the most part is separated by arid plains 
from the central area where s. scaliger oc¬ 
curs; s. scalaris also occurs on the southern 
edge of the plateau in Morelos and Mexico. 
Further specimens from central Michoacan 
will be necessary to determine whether the 
Nahuatzen, Michoacan, specimen is prop¬ 
erly allocated with .s*. scaliger. 

The name scaliger is applied to the cen¬ 
tral subspecies of scalaris with some ques¬ 
tion. The scale rows are said to be 19 in the 
type, which therefore is not the same as 
godmani. However, it is impossible to cer¬ 
tainly ascertain which of the other tveo sub¬ 
species the type may represent. The only in¬ 
dication whatever is the statement that the 
spots are large and “subquadrate.” While 
this statement is applicable to some speci¬ 
mens of typical scalaris , on the other hand 
in general it more clearly describes the cen¬ 
tral subspecies. Boulenger’s description of 
scaliger (Cat. Snakes, vol. 1, 1893, pp. 203- 
204) is of no assistance, but is apparently a 
composite based perhaps upon scaliger and 
godmavi as well. 


Scale Counts in scalaris scaliger . 


Number 

Sox 

Scale Rows 

Ventrals 

Caudals 

Supralabials 

Infralabials 

Proc. 

Ptoe. 

12675 

<$ 

19-17-15 

144 

56 

7-7 

9-9 

1-1 

2-2 

12730 


19-17-17 

151 

52 

7-7 

9-9 

1-1 

2-3 

32281 

/ 

19-19-17 

143 

52 

7-7 

9-9 

1-1 

3-3 

110814 

S 

17-19-17 

143 

51 

7-7 

9-10 

1-1 

2-3 

5570 


19-19-17 

140 

74 

7-7 

10-10 

1-1 

3-3 

5571 

s 

19-19-17 

136 

71 

7-7 

10-10 

1-1 

2-3 

46553 

9 

17 19-17 

139 

57+ 

7-7 

10-10 

1-1 

3-3 

110812 

9 

19-19-17 

135 

47 

7-7 

9-9 

1-1 

2-3 

110813 

9 

19-19-17 

138 

— 

6-7 

8-8 

1-1 

2-2 

110817 

9 

19-19-17 

143 

57 

7-7 

10-10 

1-1 

3-3 

110818 

9 

19-19-17 

149 

62 

7-7 

8-9 

1-1 

3-3 

5569 

9 

19-19-17 

146 

55 

8-8 

9-12 

1-1 

3-3 

23510 

9 

19-19-17 

142 

— 

7-7 

9-9 

1-1 

3-3 

4990 

9 

19-19-17 

143 

58 

7-7 

10-10 

1-1 

3-3 

23511 

9 

19-19-17 

150 

64 

7-7 

10-10 

1-1 

3-3 

21524 

9 

19-19-17 

144 

65 

8-8 

10-10 

1-1 

3-3 

5298 

9 

18-19-17 

137 

49+ 

? 7-7 

9-10 

1-1 

2-2 
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The three subspecies of scalans may be 
contrasted as follows: 

scaliger scalaris godmani 

Posterior scale rows, less than 17 6% (1 in 17) 10% (21 in 30) 100% (18) 

Maximum scale rows 19 100% (17) 87% (27 in 31) 6% (1 in 18) 

Anterior scale rows 17 2 12% (2 in 17) 93% (28 in 30) 100% (18) 


Caudals in males over 60 33% (2 

Ventrals in males 143 or more 67% (4 

Infralabials 10 or more on each side 42% (7 

2 Some eare must he used in determining this character, 
for the distant e on neck in which the scale rows are re¬ 
duced to 17, m .s scold> is and «• na/n/t?, is very short. 

This tabulation does not include pattern 
characters, by which godiuam can easily be 
distinguished from the other two. Curiously, 
no differences of great significance are dis¬ 
cernible in the ventral and caudal counts of 
the females of the three subspecies. 

Thamnophis chrysocephalus (Cope). 

This is one of the few species of the genus 
entirely lacking a vertebral light stripe, and 
the only one that combines this character 
with 17-15 scale rows. Also characteristic 
of the species is the very light color of the 
head, sharply differentiated from the black 
nuchal area. The lateral stripe has irregular 
edges and involves the second and third 
scale rows. 

Ordinarily the dorsum, between the 
lateral stripes, is light brown or browmish- 
gray, with tw'o series of very poorly defined 
spots on each side; the spots in the outer 
series are generally better defined than 
those of the inner series; posteriorly the 
spots become entirely indistinguishable; an¬ 
terior edges of ventrals irregularly marked 
with black. However, another color phase is 
represented by the type of eburaha s\ in 
W'hich the whole dorsum (between the 
stripes) is dark (black), and the entire 
venter black. This phase appears to be only 
a variation, since (1 ) it occurs in a series 
of specimens from other localities, one in 
seven from “Orizaba,” and one in three 
from the vicinity of Acultzingo, Veracruz; 
and (2) it does not regularly occur in the 
region of the type locality. Moreover the 
specimens having the very dark color are 
otherwise precisely like other specimens 
w r ith the lighter markings; the differences 
are only in degree of pigmentation, and do 
not involve different patterns. 

Twenty-three specimens examined are 
from the following localities. Veracruz: 
Orizaba (Nos. 7077, 30494); above Acult¬ 
zingo (EHT-HMS Nos. 21536-8; U.S.N.M. 
No. 110774); Xuchil (F.M.N.H. No. 1519). 
Oaxaca: Cerro San Felipe (EHT-HMS No. 
5556) ; Totontepec (No. 46445); Mt. Zem- 
poaltepec (No. 46446). Puebla: Pajaro 
Verde (Nos. 110775-6). Guerrero: Omil- 
teme (Nos. 46342, 47747; EHT-HMS Nos. 
23778, 23780, 23782). 


in 6) 100% (14) 100% (16) 

in 6) 7% (1 in 15) 94% (16 in 17) 

in 17) 23% (7 in 31) 72% (13 in 18) 

Thamnophis vicinus sp. nov. 

Holotype. EHT-HMS No. 21539, female, 
from a locality near Temaxcal, Michoacan, 
about 20 kilometers east of Morelia, col¬ 
lected by E. II. Taylor, August, 1939. Para- 
types. Nine, including No. 15897, a topo- 
type, and Nos. 15893-6, 15992-5, from 
Morelia, Michoacan, all collected by H. Dev¬ 
lin Thomas. 

Diagnosis. Similar to e. eques, having 
19-19- 17 scale rows, 149 to 160 ventrals and 
77 to 89 caudals; differing from e. eques in 
the complete absence of a middorsal light 
stripe w'hich is replaced by a series of dark 
spots, and perhaps in having a smaller size. 

Description of Holotype. Head a half 
wider than neck, somewhat tlattened; eye 
large, its longitudinal diameter (3.2 mm.) 
three-fourths its distance from tip of snout 
(4 mm.) ; full width of rostral visible from 
above; length of portion of rostral visible 
from above about half length of internasals; 
latter about half as wide anteriorly as pos¬ 
teriorly, a little shorter than maximum 
length of prefrontals; frontal somewhat 
shield-shaped, a little longer ( 1.2 mm.) than 
its distance from tip of snout (3.8 mm.', 
subequal to length of median suture be¬ 
tween parietals, four-fifths maximum length 
of parietals (5.3 mm.), its width about two- 
thirds (2.7 mm.) its length; supralabials 
7-8, three on one side to a point below T mid¬ 
dle of eye, four on other; antepenultimate 
labial slightly the largest; nasal completely 
divided, naris in anterior section, which is a 
little higher and a little larger than pos¬ 
terior section; a quadrangular loreal, a lit¬ 
tle higher than wide; a large preocular, nar¬ 
rowly separated from frontal; three post¬ 
oculars, more or less subequal in size, the 
upper two in contact w r ith parietal; tem¬ 
porals 1-2-3, the primary much larger than 
others. Infralabials 10-10, five in contact 
with anterior chinshields, two (5th and 6th) 
with posterior; latter separated from each 
other medially throughout their length, and 
divergent posteriorly; posterior chinshields 
perhaps somewhat longer than anterior, lat¬ 
ter a little the wider. 

Dorsal scales strongly keeled, except those 
in outer row, which are weakly keeled; 
dorsals in 19-19-17 rows, those scales to¬ 
ward middorsum with a single apical notch, 
none with pits; ventrals 151; anal entire; 
caudals 77; total length 299 mm., tail 76 mm. 
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Top of head light slate, this color merging 
with cream on sides of head and white on 
lower parts of labials; posterior edges of 
supralabials with a vertical black line, that 
on antepenultimate labial most conspicuous; 
a large, single, black nuchal spot extending 
laterally two scales below angle of mouth, 
anteriorly to within one scale length of 
rictus oris and to posterior margin of parie- 
tals, and posteriorly five scale lengths (me¬ 
dially); middorsum of body brown, this 
color reaching to the third scale row, where 
it is replaced by a very light brown or 
cream color; the first scale row and the 
lower half of the second is gray; on the pos¬ 
terior part of the body the lateral light 
stripe descends to the first and second scale 
rows; nowhere is the lateral light stripe 
sharply defined, and on the anterior third 
of body it is broken by encroaching black 
spots and with difficulty can be discerned 
as a stripe; three series of more or less 
rounded black spots, none with sharply de¬ 
fined edges, on the body; spots in the me¬ 
dian series alternating with those of the 
lateral series; on the first scale row and 
lateral edges of ventrals another series of 
smaller black spots alternating with the lat¬ 
eral spots; latter spots extending to first 
scale row on anterior fourth of body, but 
posterior to this part become restricted to 
the area above the lateral light line; all 
spots becoming ver\ poorly defined near 
middle of body, and posteriorly scarcely dis¬ 
tinguishable; on the posterior part of the 
body the dorsum appears almost uniform 
brown; dorsal surface of tail brown, un¬ 
spotted. 

Ventral surface of head cream; belly and 
subeaudal surfaces slate, clouded, without 
distinct black markings. 

Variation. The paratypes are very much 
like the holotype in coloration and scutella- 
tion. All completely lack evidence of a mid¬ 
dorsal stripe, and the lateral stripes are 
poorly defined because of encroachment 
upon them by the lateral dark spots. The 
middorsal area is occupied by a series of 
large dark spots. The largest specimen (a 
male) measures 592 mm. in total length, the 
tail 155 mm. 


Remarks. This species bears a very close 
resemblance, in coloration, to chrysocephalus , 
with which the specimens at first were as¬ 
sociated, without question, until counts were 
made. These reveal a relationship closer to 
eques than to chrysocephalus, since the lat¬ 
ter regularly has 17-17-15 scale rows. An 
examination of the maxilla also shows a 
closer agreement with eques , since the latter 
(4 specimens) has 24 to 27 teeth, chryso¬ 
cephalus (2 specimens) 29 to BO, and the 
type of vicinus 26. Its chief difference from 
v. eques is the total absence of the middorsal 
light stripe (a middorsal series of dark 
spots instead) ; correlated with this is the 
reduction of the lateral light stripes. 

The total absence of variation in the nu¬ 
merous specimens examined of eques with 
respect to the character of the middorsal 
stripe leads me to believe that the specimens 
referred to vicinus , even though known 
from a very small area, are not merely vari¬ 
ations from the eques norm but represent a 
distinct population. The uniformity of char¬ 
acter of the several specimens of vicinus 
also points to the probable distinctness of 
that species. 

Since vicinus is so like e. eques from the 
same area in scutollation, the two might be 
considered subspecies; this arrangement is 
not supported, however, by the existence of 
perfectly typical e. eques at exactly the same 
localities as those in w r hich vicinus has been 
collected. For the present they must be con¬ 
sidered distinct species. 

It seems that vicinus furnishes evidence 
of a close relationship between eques and 
chrysoaphalus in the west, and of the deri¬ 
vation of one of th'\se from the other < or 
from their very close ancestors). There is a 
southward gradient in the reduction of the 
median stripe, from eques cyrtopsis in the 
north, with a broad stripe, to typical e. 
eqiu s* with a narrow stripe, vicinus without 
a stripe and chrysocephalus on the extreme 
south, also without a stripe. A similar gradi¬ 
ent in reduction of the number of ventrals 
also is evident. That vicinus forms a con¬ 
necting link in this chain is evident, but evi¬ 
dence that chrysocephalus and eques actually 
intergrade is completely lacking, and it is 


Variation in Scale Counts of vicinus. 


Number 

Sex 

Seale Rows 

Ventrals 

Caudals 

Supra). 

Infra). 

Proc. 

Ptoc. 

Temp. 

21 55 9 

9 

* 19-19-17 

151 

77 

7-8 

10 10 

1-1 

3-3 

1-2-3 

15992 

9 

19-19-17 

149 

79 

8-8 

10-10 

1-1 

3-3 

1-2-3 

15895 

9 

19-19-17 

156 

80 

8-8 

10-10 

1-1 

3-3 

1-2-3/4 

15894 

9 

19-19-17 

152 

78 

8-8 

10-10 

1-1 

3-3 

1-2-3 

15998 

3 

19-19-17 

162 

— 

8-8 

10-10 

1-1 

3-3 

1-2-3 

15893 

6 

19-19-17 

160 

84 

8-8 

10-10 

1-1 

4-4 

1-2-3 

15897 

3 

19-19-17 

161 

88 

8-8 

9-9 

1-1 

3-4 

1-2-3/2 

15994 

3 

19-19-17 

155 

84 

8-8 

10-10 

1-1 

4-4 

1-2-3/4 

15896 

6 

19-19-17 

160 

89 

8-8 

10-10 

1-1 

3-3 

1-2-3 

15995 

6 

19-19-17 

156 

86 

8-8 

9-9 

1-1 

3-3 

1-2-3 
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assumed that such intergradation does not 
occur; the completely overlapping ranges 
bear out this assumption. However, given 
that orthogenetic trends do exist in this 
group of the genus, it is not even yet obv¬ 
ious in which direction evolution has oc¬ 
curred; conclusions by Fitch and Ruthven 
point toward a north-south direction in this 
case, while various facts mentioned else¬ 
where in this paper support the opposite 
view. 

Thamnophis eques eques (Reuss). 

This form is characterized by having 19 
scale rows; median light stripe on body very 
distinct and occupying no more than a sin¬ 
gle scale row; lateral light stripes on seal * 
rows two and three; a light head followed 
by two large, black nape spots (fused or 
not) ; belly nearly immaculate; ventrals 14G 
to 171 in males, 145 to 163 in females; 
caudals 74 to 104 in males, 68 to 95 in fe¬ 
males. It ranges from central Durango and 
southern Sinaloa southward to the edge of 
the plateau in Michoacan, west to Hidalgo 
and central Veracruz; highlands of central 


Oaxaca and the Sierra Madre del Sur of 
central Guerrero. 

Thamnophis e . eques can be differentiated 
from the northern race ( e. cyrtopsis) by 
having 166 or fewer ventrals in males (97%, 
31 out of 32) while in e. cyrtopsis only 14% 
(3 in 21) have 166 or fewer; in females 
100% of c. cyrtopsis have 163 or more ven¬ 
trals, while in e, eques 3% (1 in 38) have 
more than 162 ventrals. 

Thamnophis eques , as previously known, 
shows a north-south trend in (1) reduction 
of ventral scale counts; (2) reduction of 
the median stripe and complete restriction 
of it to the vertebral scale row; and (3) re¬ 
duction in an average number of supra- 
labials. Most marked of all those trends is 
the reduction in ventral scale count, which 
shows a rather abrupt change in c *ntral 
Mexico. The approximate lin' at which this 
change occurs does not correspond exactly 
in position with the zone in which a change 
in the width of the dorsal stripe occurs; 
nevertheless, because of the ease of defini¬ 
tion of th" scale char ictcr, this is the one 
upon which the definition of the two rac f \s is 


Scale Counts in c. cqius (females). 


Museum 

Numh< r 

Ventrals 

CaudulH 

Supra I. 

T”*f ra' 

Pror 

r*ot 

State 

FMNH 

17110 

159 

— 

8-8 

10-10 

1-1 

3 3 

D. F. 

USNM 

46482 

156 

91 

8-8 

10-10 

1-1 

3 3 

Dgo. 

EHT-HMS 

5282 

153 

89 

7-8 

10-10 

1-1 

3 3 

G to. 

USNM 

9892 

156 

91 

8-8 

10-10 

1-1 

3 4 

“ 

“ 

9899 

159 

68 

7-7 

9-10 

1-1 

3-3 

»* 

n 

14433 

151 

68 

7-7 

10-10 

1-1 

3 3 


u 

14434 

156 

85 

8-8 

10-10 

1-1 

3-3 


u 

25363 

164 

73 

7-7 

10-11 

1-1 

3-3 

<< 

u 

26147 

154 

91 

8-8 

10-10 

1-1 

3 3 

“ 

a 

26148 

155 

— 

8-8 

10-10 

1-1 

3-3 

(« 

EHT-HMS 

21542 

149 

79 

8-8 

10-10 

1-1 

4-4 

Gro. 


23783 

148 

78 

8-8 

10-10 

1-1 

3-3 

44 

u 

23792 

145 

79 

8-8 

11-12 

1-1 

3-4 


u 

15974 

155 

70 

7-7 

10-10 

1-1 

2 3 

II go. 

u 

15985 

158 

90 

8-8 

10 10 

1-1 

3-4 

“ 

ti 

23776 

163 

95 

8-8 

10-10 

1-1 

3-3 


u 

23785 

145 

85 

7-8 

10-10 

1-1 

3-3 

Jal. 

»4 

4998 

156 

98 

8-8 

11-11 

1-1 

2-3 

“ 


5080 

156 

70 

7-7 

10-10 

M 

3-3 

Mex. 

i* 

15975 

154 

72 

7-7 

10-10 

1-1 

3-3 

44 

tt 

15890 

152 

86 

8-8 

10-11 

1-1 

3-3 

Mich. 

tt 

15891 

149 

87 

8 8 

8-10 

1-1 

3-3 

44 

USNM 

110779 

155 

— 

7-7 

10-10 

1-1 

3-3 

44 

u 

110780 

157 

71 

— 

— 

—~ 

— 

44 

EHT-HMS 

21525 

157 

72 

7-7 

10-11 

1-1 

3-3 

44 

a 

5276 

151 

83 

8-8 

10-10 

1-1 

3-3 

Mor. 

tt 

15977 

150 

80 

8-8 

10-10 

1-1 

3-4 

44 

USNM 

46605 

149 

80 

8-8 

10-10 

1-1 

2-3 

Oax. 

EHT-HMS 

15979 

151 

80 

8-8 

10-11 

1-1 

3-3 

44 


23784 

158 

81 

7-7 

10-10 

1-1 

3-3 

<4 

<< 

23789 

146 

82 

8-8 

9-10 

1-1 

3-3 

44 

« 

23790 

152 

77 

7-8 

9-10 

1-1 

3-3 

44 

a 

23791 

159 


8-8 

10-10 

1-1 

3-3 

“ 

USNM 

46457 

150 

— 

8-8 

10-10 

1-1 

3-3 

Sin. 

u 

46432 

160 


7-7 

10-10 

1-1 

3-3 

Ver. 

ti 

25038 

149 

75 

8-8 

10-10 

1-1 

3-3 

44 

(4 

30496 

153 

— 

8-8 

10-10 

1-1 

2-4 

44 

EHT-HMS 

15986 

152 

— 

8—8 

10-10 

1-1 

3-4 

7 
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largely based. The reduction in numbers of 
supralabials from 8 to 7 in the southern 
specimens is not sufficiently universal to 
warrant use as a key character to define a 
southern race. Nevertheless, specimens with 
7 supralabials almost invariably belong to 
the southern race. 

While for convenience I have here spoken 
of “north-south” trends, they should more 
properly be termed “south-north” trends for 
in general this is the direction of evolution 
in Thannwphis and especially in this section. 

Scale counts have been taken on 104 Mexi¬ 
can specimens of eques eques and c. cyrtopsis. 
The scale rows in these are uniformly 19- 
19-17, except in one from “Orizaba” (with 
17-19-15 rows), one from (?) Guanajuato 
(17—19—17 rows), one from Samachique, 
Chihuahua (17-19-15), two from Moja- 
rachic, Chihuahua (19-19-15, 19-19-16) 
and one from Chilpancingo, Guerrero (19- 
19-16). There is no indication that these 
variations have special significance other 
than indicating the extremes of variation in 
the form; the extra scale rows dropped are 
usually missing only for a very short dis¬ 
tance (one scale on one side, six on the 
other, in one case). 

The identity of Reuss' name is not abso¬ 
lutely certain. It has generally been asso¬ 
ciated with the Mexican form here treated 
under that name, and at the present, until 


the type can be re-examined, there is no al¬ 
ternative. Jan’s collar is definitely belongs to 
e. eques t however; in it the middorsal light 
line is only one scale row wide (see Jan and 
Sordelli, Icon. Gen., livr. 25, pi. 5, fig. 2). 

Specimens examined are from the follow¬ 
ing localities. Distrito Federal: Rio San 
Juan de Dios (FMNH No. 17110). Durango : 
Durango (No. 8066); Huasamota (No. 
46482). Guanajuato: Acambaro (EHT-HMS 
Nos. 5282-8); Guanajuato? (Nos. 9892, 
9899 [type pvlchrilatus], 14433-4, 25363, 
26147-8). Guerrero: 7 miles east of Chil¬ 
pancingo (EHT-HMS Nos. 21542, 23783, 
23786, 23792); Omilteme (EHT-HMS No. 
15974); south of Zacualtipan (EHT-HMS 
Nos. 15985, 23776-7). Jalisco : 20 kilometers 
south of Guadalajara (EHT-HMS No. 
23785); Belen (EHT-HMS Nos. 4965, 
4998). Mexico : Nochitongo Ditch, 30 miles 
north of Mexico City (No. 19003); San 
Martin (EHT-HMS Nos. 4968, 5080-1); 
Villa Victoria (EHT-HMS No. 15975); 
Zempoala National Park (No. 15973). Mi - 
choacan: 15 miles east of Morelia (EHT- 
HMS Nos. 15889-91, 21533-4); Los Reyes 
(No. 46463); Tacicuaro (Nos. 110777-83, 
EHT-HMS Nos. 21525-32). Morelos: Cuer¬ 
navaca (EHT-HMS Nos. 5276, 15977). 
Oaxaca: Huajuapam (No. 46605); Summit 
rf Cerro San Felipe ( EHT-HMS No. 15979) ; 
Oaxaca (EHT-HMS Nos. 23784, 23789-91). 


Scale Counts in e. eques (males). 


Must nm 

Numbi r 

Vt ntrals 

Caudal* 

Supral 

In'ral 

Prop 

Ptop 

State 

ITSNM 

8066 

164 

_ 

8-8 

10 10 

1-1 

3-4 

Dgo. 

EHT-HMS 

5283 

163 

101 

8-8 

10-10 

1 1 

3-3 

Gto. 

i 4 

23786 

157 

85 

7-7 

10-10 

1-1 

4-4 

Gro. 


22788 

152 

81 + 

8-8 

9-9 

1-1 

2-3 

“ 

U 

28777 

161 

95 

8-8 

9-10 

1-1 

3-4 

Hgo. 

44 

4965 

159 

99 

8-8 

10-10 

1-1 

3-3 

Jal. 

USNM 

19003 

164 

95 

8-8 

10-10 

1-1 

3-3 

Mex. 

EHT-HMS 

4968 

166 

90 

7-7 

10-11 

1-1 

3-3 

** 

a 

5081 

159 

82 

7-7 

9 10 

1-1 

3-4 

ii 

it 

15973 

162 

78 

7-7 

10-10 

1-1 

2-2 

u 

u 

15889 

157 

97 

8-8 

10-10 

1 1 

3-3 

Mich. 

“ 

21533 

171 

82 

7-7 

9-10 

1-1 

3-3 

a 

(( 

21534 

158 

81 

7-7 

10-10 

1-1 

3-4 

a 

USNM 

46463 

155 

93 

8-8 

10-10 

1-1 

3-3 

“ 

« 

110777 

162 

81 

7-7 

10-10 

1-1 

3-3 

it 

a 

110778 

159 

80 

7-7 

10-10 

1-1 

3-3 

it 

it 

110781 

166 

84 

7-7 

10-10 

1-1 

3-4 

ii 

tt 

110782 

146 

— 

7-7 

9-9 

1-1 

2-2 

ii 

a 

110783 

153 

100 

8-8 

10-10 

1-1 

3-3 

ii 

EHT-HMS 

21526 

159 

89 

8-8 

10-10 

1-1 

3-3 

U 

ii 

21527 

165 

80 

7-7 

11-11 

1-1 

3-3 

it 

a 

21528 

160 

79 

7-7 

10-10 

1-1 

2-2 

ii 

a 

21529 

161 

88 

8-8 

10-10 

1-1 

3-3 

a 

a 

21530 

159 

77 

7-7 

10-10 

1-1 

3-3 

(t 

a 

21531 

161 

76 

7-7 

— 

— 

— 

u 

a 

21532 

163 

74 

7-7 

10-10 

1-1 

3-3 


USNM 

46423 

160 

99 

8-8 

10-10 

1-1 

3-3 

Zac. 

it 

32279 

166 

76 

7-7 

8-9 

1-1 

3-3 

9 

it 

32280 

161 

78 

7-7 

10-10 

1-1 

3-3 

9 

EHT-HMS 

5273 

164 

104 

8-8 

9-10 

1-1 

3-3 

9 

ii 

15976 

166 

— 

7-7 

10-10 

1-1 

3-3 

9 

u 

23620 

163 

— 

7-7 

8-9 

1-1 

3-3 

9 
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Sinaloa: Rosario (No. 46457). Veracruz: 
Las Vigas (No. 46482); Mirador (No. 
25088); Totalco (EHT-HMS No. 27908); 
Orizaba (No. 30496). Zacatecas: San Juan 
Capistrano (No. 46423). No locality: (Nos. 
32279-80; EHT-HMS Nos. 5273, 15976, 
15986, 23620). The species has been re¬ 
ported also from More Leon, Guanajuato, 
and Tezuitlan, Puebla. 

Thamnophis eques cyrtopsis 

(Kennicott). 

This race differs from e. eques of the 
southern part of the Mexican plateau chiefly 
in the greater average number of ventral 
scales. In c. cyrtopsis 86% of the males have 
167 or more ventrals, and 100% of the fe¬ 
males have 163 or more ventrals; in c. eques, 
on the other hand, only 3% of the males 
have 167 or more ventrals, and only 3% of 
the females have more than 162 ventrals. 

In addition, over most of its range e. 
cyrtopsis is characterized by having the 
middorsal light stripe involving parts of ad¬ 
jacent scale rows on various parts of the 
body; in e. eques the middorsal stripe is al¬ 
ways confined strictly to the vertebral scale 
row. Toward the south specimens of e. 
cyrtopsis have a stripe like c. eques, so the 
ventral count must be relied upon to dis¬ 


tinguish the two races. 

Very rarely do 7 supralabials occur in e. 
cyrtopsis , while in e. eques 7 occur as fre¬ 
quently as 8. 

The range of e. cyrtopsis in Mexico is the 
eastern half of Sonora southward to north¬ 
ern Durango and along the Sierra Madre 
Occidental to northern Nayarit; eastward 
through Chihuahua to eastern Coahuila, and 
southward on the central plateau to south¬ 
ern San Luis Potosi and probably northern 
Zacatecas. 

Specimens of this race have been ex¬ 
amined from the following localities. Chi¬ 
huahua: Arroyo del Alamos, Casas Grandes 
(No. 42876); Basuriachi (FMNH No. 
11823); Cajon Bonito Creek (No. 21056); 
Chihuahua (No. 14256) ; Guadelupe y Calvo 
( No. 46356-8) ; Mojarachic (EHT-HMS 
Nos. 18962-3, 23063-6, 23787); San Luis 
Mts. (Nos. 21057-8) ; Samachique (FMNH 
Nos. 11822, 11824, 15727). Coahuila: 21 
miles north of Saltillo ( No. 105303) ; Rin- 
conada ( No. 8067, type cyrtopsis). Durango: 
Guanacevi (No. 46307). A ayarit: Santa 
Teresa (Nos. 46420--1). San Luis Potosi: 
Hacienda La Parada (No. 16110). Souota: 
La Posa, 10 miles north of Guay mas y EHT- 
HMS Nos.4866-73) ; Guadelupe Canon (No. 
21059). 


Scale Counts of eqms cyrtopsis. 


Museum 

Number 

Sex 

Ventrals 

Caudals 

Supra 1 

Infral 

Proi 

rt«» 

Stati 

FMNH 

11823 

9 

170 

_ 

8-8 

10-10 

1-1 

2 3 

Chill. 

USNM 

46356 

9 

175 

81 

7-8 

10 10 

1 1 

3 3 

“ 

EHT-HMS 

23063 


169 

81 

8 8 

10-10 

1-1 

3 3 

it 

a 

23065 

S 

176 

95 

8 8 

10 10 

1-1 

3 3 


it 

23066 

9 

168 

86 

8 8 

11-12 

1-1 

3 4 

“ 


23787 

9 

m 

90 

8-8 

11 11 

1-1 

3 3 

a 

USNM 

21058 

9 

167 

85 

8-8 

9-10 

1-1 

2-2 

ii 

“ 

46367 

S 

172 

88 

8-8 

10 10 

1-1 

2 3 

Pro. 

ii 

46420 

9 

172 

84 

7-7 

10 10 

1 1 

3—3 

Nay. 

44 

46421 

9 

166 

84 

7-7 

10-10 

1-1 

«> o 
»>-«> 

ii 

EHT-HMS 

4866 

9 

163 

78 

8-8 

10-10 

1 1 

3 3 

Son. 

44 

4872 

9 

171 

86 

8 8 

10 10 

1 -1 

2-2 

ii 

** 

4873 

9 

166 

774 

8 8 

10 10 

1-1 

3-3 

ii 

USNM 

42876 


177 

91 

8-8 

10-11 

1-1 

3 3 

Thih. 

“ 

21056 

<< 

169 

94 

8-8 

10 10 

1-1 

3 3 

4< 

it 

14256 

t 

172 

102 

8-8 

10 10 

1-1 

3 3 

ii 


46357 

3 

174 

92 

8-8 

10-10 

1 -1 

3 3 

ii 

a 

46358 

3 

174 

_ 

8-8 

10-10 

1-1 

3-4 

ii 

EHT-HMS 

18962 

3 

174 

89 

8-8 

10-10 

1-1 

3-3 

ii 

it 

18963 

3 

169 

99 

8-8 

10-10 

1-1 

3-3 

it 

u 

23064 

3 

173 

98 

8-8 

10-10 

1-1 

3-3 

ii 

USNM 

21057 

$ 

173 

91 

8-8 

10-10 

1-1 

3-3 

ii 

FMNH 

11822 

3 

174 

92 

8-8 

10-10 

1-1 

3-3 

it 

i< 

11824 

3 

177 

95 

8-8 

10-10 

1-1 

3-3 

ii 

ii 

15727 

3 

163 

— 

— 

— 

— 

— 

ii 

USNM 

105303 

6 

169 

89 

8-8 

10-10 

1-1 

3-3 

Coah. 

ti 

8067 

3 

173 

88 

8-8 

11-11 

1-1 

2-3 

ii 

ii 

46410 

3 

174 

91 

7-8 

10-10 

1-1 

3-3 

S.L.P. 

EHT-HMS 

4867 

3 

172 

91 

8-8 

11-11 

1-1 

3-3 

Son. 

it 

4868 

3 

169 

88 

8-8 

10-11 

1-1 

3-3 

ii 

ii 

4869 

3 

163 

84 

8-8 

10-11 

1-1 

3-3 

u 

ii 

4870 

3 

171 

— 

9-10 

9-10 

2-2 

3-3 

a 

it 

4871 

3 

172 

_ 

8-8 

11-11 

1-1 

3-3 

a 

it 

21059 

3 

164 

93 

8-8 

10-10 

1-1 

3-4 

a 
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Thamnophis eques postremus 

subsp. nov. 

Type. E. H. Taylor-H. M. Smith Coll. No. 
5275, El Sabino, Michoacan, collected by 
H. M. Smith. Paratypes. Three, Nos. 5274, 
5285-6, Uruapan, Michoacan. 

Diagnosis. Similar to e. eques, except 
ventrals fewer, 138 to 141 in the only speci¬ 
mens known (4 females); caudals 71 to 72; 
supralabials 7 to 8; lateral light stripes not 
apparent; middorsal stripe but very little 
lighter than ground color, scarcely or not 
evident; dark spots very much reduced, al¬ 
ternating with each other in two series on 
either side; middorsum not traversed by 
spots; outer row of dark spots on first and 
second scale rows greatly reduced, generally 
scarcely visible; no distinct dark spots on 
venter. 

Description of Holotypc. Length of por¬ 
tion of rostral visible from above a little 
more than half length of median suture be¬ 
tween internasals; latter a little longer than 
prefrontals, but much narrowed anteriorly, 
their combined width anteriorly somewhat 
less than a third the length of the posterior 
border of the rostral; frontal pentagonal, 
anterior edge straight, posterior edges 
forming an obtuse angle of about 110 ; 
length of frontal subequal to its distance 
from tip of snout and from posterior tip of 
parietals; nasal divided, nostril largely in 
anterior section and bordering posterior 
section; loreal large, nearly square; a large 
preocular, rather widely separated from 
frontal; three postoculars, upper a little the 
largest, lowest smallest and wedge-shaped, 
temporals 1-3-3, the primary much the 
largest. Supralabials 7-7, 5th largest, 3d 
and 4th entering orbit; infralabials 10-10, 
5 bordering anterior chinshields, two (5th 
and 6th) bordering posterior chinshields; 
length of suture between 1st infralabials 
subequal to length of mental; anterior chin¬ 
shields a little shorter and a little broader 
than posterior chinshields; latter separated 
from each other their full length. 

Dorsal scales in 10-19-17 rows, strongly 
keeled, those in outer row with relatively 
weak keels; apical notches present on dorsal 
scales, but no typical apical pits; ventrals 
139; caudals 72; total length 575 mm.: tail 


144 mm.; female. 

Maxillary teeth 27. 

Dorsal surface of head slate gray, un¬ 
marked; sides of head the same color, be¬ 
coming cream at labial border, but posterior 
borders of all labials with a distinct vertical 
black streak, most prominent on 5th labial; 
nape with a large black blotch fading an¬ 
teriorly into the slate color of head, pos¬ 
teriorly sharply terminating about six scale 
lengths from edge of parietals; nape spot 
extending slightly below level of angle of 
mouth, and somewdiat indented on middorsal 
line. 

Ground color of body slate gray, a little 
lighter than head color; a poorly defined, 
short area cream in color immediately pos¬ 
terior to dark nuchal spot; a very feebly 
defined light line on vertebral scale row T , 
very slightly lighter than ground color and 
lacking darker edges; lateral light stripes 
not visible but their position on the second 
and third scale rows indicated by the re¬ 
striction of dark marks to areas lateral and 
medial to these rows. Sides of body with two 
series of small, poorly outlined but distinct, 
alternating black spots widely separated 
from each other and not encroaching what¬ 
ever on the vertebral line or upon the second 
or third scale row; on the outer, anterior 
edges of certain scales of the outer row of 
dorsals is a small black spot; these tend to 
occur on alternate scales. 

Venter cream, immaculate save for a 
small dark streak near either end of each 
\entral, placed on the anterior edge and 
concealed by the overlapping edge of the 
preceding scale; these small dark marks not 
visible except when scales are spread apart; 
chin and gular region cream, unmarked save 
for a dark streak on the posterior border of 
a few r of the posterior infralabials; sub- 
caudal surface immaculate. 

Variation. One of the paratypes is marked 
exactly like the holotype. Another < No. 
5386 ) has somewhat larger dark spots on 
the dorsal surface; the corners of the spots 
nearly touch on either side, but in no case 
do the spots cross the middorsal line; those 
in the paravertebral series alternate wdth 
each other. The last specimen, a juvenile, 
agrees with No. 5286 in pattern. 


Variation in Scale Counts of cqius post remits. 


Number 

5275 

5274 

5286 

5285 

Sex 

9 

9 

9 

9 

Dorsals 

19-19-17 

19-19-17 

19-19-17 

19-19-17 

Ventrals 

139 

138 

140 

141 

Caudals 

72 

71 

72 

72 

Supralabials 

7-7 

7-7 

8-8 

7-7 

Infralabials 

10-10 

10 10 

10-10 

10-10 

Preoculars 

1-1 

1-1 

2-2 

1-1 

Postocular s 

3-3 

3-3 

3-3 

3-3 

Temporals 

1-3-3 

1-3-3 

1-3-3 

1-3-3 

Total length (mm.) 

575 

571 

441 

192 

Tail length (mm.) 

144 

141 

105 

47 
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In the specimen with 2-2 preoculars the 
normal preocular is split across the middle; 
it is a type of anomaly not infrequent in 
eques and its relatives. 

Remarks . In the low ventral count, e. 
post remits is like s . sumichrasti, s. praeocu¬ 
laris, s. fulvus and perhaps s. ccrebrosus . 
The last and s. praeocularis have distinct 
spots on the belly and distinct, broad ver¬ 
tebral light stripes. In s. sumichrasti there 
is a median series of dark spots alternating 
with a series of lateral spots, as in view us . 
The closest resemblance to s. postremus of 
all these is held by s. fulvus , which also 
lacks belly spots and distinct stripes. In it, 
however, the middorsal stripe is visible, dis¬ 
tinct and relatively broad (one and two half 
rows to three full rows) on the anterior 
part of the body, and becomes narrower pos¬ 
teriorly, disappearing completely on the 
posterior part of the body. In e. postremus 
the dorsal stripe is restricted completely to 
one scale row (as in e . eques ) and is of equal 
indistinctness throughout its length. 

Thamnophis sumichrasti sumichrasti 

(Cope). 

This form is characterized by the absence 
of a dorsal stripe, presence of a medial series 
of dark spots, a very poor definition of the 
lateral light stripes, and by having 19 scale 
rows and 139 to 157 ventrals, 58 to 72 cau- 
dals. In form, scutellation and type of pat¬ 
tern it is undoubtedly a dose relative of 
eques , which differs by having a distinct 
dorsal stripe and higher average ventral 
and caudal counts. The two are considered 
as distinct species because there is no evi¬ 
dence whatever of an intergradation be¬ 
tween the curious pattern of sumichrasti — 
a median and two lateral series of spots- - 
with that of eques, which has a median light 
stripe and four lateral series of spots. T. 
sumichrasti does intergrade with races 
which do have patterns similar to that of 
eques (viz., s. fulvus , s. praeocularis) , but 
from that fact it cannot be inferred that 
sumichrasti must also intergrade with 
eques. For some time 1 labored under such 
an inference, but the discovery of vicmus 
has made it evident that intergradation be¬ 
tween forms with patterns as different as 
those of sumichrasti and eques is not to be 
taken for granted. T . vicinus , with a pattern 
like sumichrasti but with a ventral count 


like eques , occurs in the same localities as 
the latter species, yet remains quite dis¬ 
tinct. Since it is so close a parallel of su- 
mich rasti (differing chiefly in ventral count), 
I believe it unwise to assume that the latter 
is a subspecies of eques , any more than is 
vicinus . 

Thus it appears that there are two centers 
of dispersal of the complex eques group: one 
in Guatemala, the other in Mexico. The most 
primitive of the groups may be vicinus and 
s. sumichrasti , respectively, each of which 
has given rise to striped forms some of 
which closely parallel each other (e.g., e. 
postremus and s . fulvus). The chief differ¬ 
ence between the history of the forms de¬ 
veloping from these two centers of dispersal 
is that vicinus has become completely dis¬ 
tinct from its striped derivative, eques , 
while sumichrasti still remains linked with 
its striped derivatives. Chiapas specimens 
of sumichrasti show definite evidence of in¬ 
tergradation of that form and s. fulvus. 

In spite of evidence of separate centers of 
dispersal for sumichrasti and eques, the two 
species obviously have had a common origin, 
and chrijsocephalns seems very near the an¬ 
cestral type Irom which they were derived. 
T. chnjsoccphalvs shows a strong similarity 
to ncuius, differing chiefly in number of 
scale rows and maxillary teeth. 

The two cotypes of sumicfnasti are very 
small and soft. They completely lack stripes, 
however, and have a series of spots crossing 
the vertebral scale row. Moreover they have 
19 scale rows (19-19-17) and the low ven¬ 
tral and caudal counts typical of the sub¬ 
species. They may actually have been se¬ 
cured near Orizaba, as stated by Cope, but 
it appears more probable that they w r ere col¬ 
lected on the Isthmus of Tehuantepec, on 
the Atlantic slopes. At best the locality data 
cannot be relied upon until verified by fur¬ 
ther specimens from the region of Orizaba, 
for in numerous instances the data for 
SumichrasCs specimens are known to have 
been misrepresented. 

The name sumichrasti has previously been 
applied to a 17-seale-rowed form (chrysocc- 
phalus -f scalar is god man i) and for this 
reason Dunn and 1 nearly simultaneously 
applied different names to the stripeless, 
19-scale-rowed form to w r hich actually be¬ 
longs the name sumichrasti. These three 
names ( sumichrasti , bovalli , rozellae) clear¬ 
ly refer to the same form. 


Scale Counts of s. sumichrasti . 


M'w um 

Number 

Sex 

Scab* Rows 

Ventrals 

CaudalH 

Supral 

Infral 

Proc. 

Ptoc 

USNM 

25234 

9 

19-19-17 

149 

66 

8-8 

10-10 

1-1 

3-3 

USNM 

26501 

4 

19-19-17 

157 

63 

8-8 

9-9 

1-1 

3-3 

USNM 

* 26502 

6 

19-19-17 

148 

68 

8-8 

8-8 

1-1 

3-3 

USNM 

46549 

9 

19-19-17 

139 

72 

8-8 

9-10 

1-1 

3-3 

USNM 

108597 

9 

19(20)-19-17 

140 

58 

7-7 

9-9 

1-1 

3-4 

U<*NM 

108598 

8 

19-19-05)17 

148 

— 

8-8 

9-9 

1-1 

3-3 

USNM 

108599 

S 

19-19-15 

151 

— 

7-7 

9-9 

1-1 

3-4 
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The localities now represented by speci¬ 
mens are: Tabasco : Montecristo (USNM 
No. 46549). Veracruz : ?Orizaba (USNM 
Nos. 26501-2). Chiapas : Palenque (USNM 
No. 108597); Aguacate, 24 kilometers north 
of Palenque (USNM No. 108598-9). Guate¬ 
mala: (USNM No. 25234). Nicaragua : 
Granada (Dunn, loc. cit.) 

Thamnophis sumichrasti praeocularis 

(Bocourt). 

The types of praeocularis are described 
with 140 ventrals, 68 to 74 caudals, and 19 
scale rows. The type of arabdotus (FMNH 
No. 26994) has 140 ventrals, 72 caudals, 
and 19-19-17 scale rows (female). Two fe¬ 
males in the U. S. National Museum (Nos. 
46528-9) from Puerto Morelos, Yucatan, 
have 137 and 136 ventrals, respectively; 
caudals 70, 71; scale rows 19-17-15, 19- 
19-16. The patterns in all these specimens 
are remarkable alike, including a very broad 
median stripe; large nuchal blotches fol¬ 
lowed by smaller blotches on the body, of 
which a few anterior are fused to form sin¬ 
gle lateral cross-bands; and a series of black 
spots on each side of venter, a spot to the 
side of each ventral. This uniformity in pat¬ 
tern, as well as in most features of seutella- 
tion, leads me to believe that the presence of 
three preoculars in the types (both?) of 
prat ocularis is an anomaly; there is no 
other feature which could distinguish them 
from arabdotus as another species or sub¬ 
species. 

Thamnophis sumichrasti cerehrosus * 

subsp. now 

Holot y pi . U. S. Nat. Mus. No. 12734, fe¬ 
male, Escuintla, Guatemala, collected by 
H. J. Stuart. Para types, U. S. Nat. Mus. 
No. 12735, topotype; F.M.N.H. No. 410, 
“Guatemala/' 

Diagnosis. Dorsal stripe covering one 
and two half scale rows, with continuous 
lateral edges; lateral stripe poorly defined 
or absent; two regular rows of dark spots on 
venter, at least toward posterior part of 
belly; head light above, with discreet verti¬ 
cal dark marks on edges of supralabials; 
ventrals 144 to 167. Scale rows regularly 
19-19-17. 

Description of Holotypc. Internasals a 
little shorter than wide, their combined con¬ 
tact with rostral considerably greater than 
a nasorostral suture; prefrontals a little 
longer than internasals; frontal very slightly 
shorter than its distance from tip of snout 
or length of parietal suture; greatest width 
of frontal four-fifths its length, least width 
about half its length; one loreal, about as 
high as long; a large preocular; three post- 

* Liuht headed, in reference to thr relatively liprht 
ground color and poorly defined dark marks on head. 


oculars, lower smallest; temporals 1-3, an¬ 
terior very large; supralabials 7-7, 3d and 
4th entering eye, 5th highest and largest; 
ten infralabials, five in contact with an¬ 
terior chinshields, two with posterior; pos¬ 
terior chinshields separated from each 
other, a third longer than anterior chin¬ 
shields. 

Dorsal scales in 19-19-17 row’s, all 
strongly keeled except those of outer row, 
which are weakly keeled; ventral 144; anal 
divided; subcaudals 66 (female). 

Head very light brown; two small, white 
pineal spots; posterior edges of 2d to the 
5th supralabials inclusive black-edged, the 
anterior scales less prominently; otherwise 
head without markings. Two dark nuchal 
blotches partially fused medially; a very 
distinct, sharply outlined middorsal light 
stripe covering one and two half scale rows, 
extending from nape onto tail; below’ this 
tw’o series of alternating spots on each side, 
the lower reaching to and including the 
upper part of the third scale row; irregular 
dark areas on many scales of the three outer 
row’s. Belly light, with small, black spots 
near the anterior end of each ventral, ar¬ 
ranged in a series on each side, near ends 
of ventrals; other scattered dark spots and 
irregular dark areas near bases of many 
ventrals, especially those near middle of 
body; chin with a very few’, tiny dark flecks 
below. 

Variation. The topotypic paratype has an 
anomalous pattern, and the head scutella- 
tion is not normal. Apparently it should 
have 7-8 supralabials, as the outlines of the 
scales indicate this number, but they are so 
fused that only six remain on each side. In 
scutellation it is otherwise normal, and has 
10-10 infralabials, 1-1 preoculars, 3-3 post¬ 
oculars, 19-19-17 scale row’s, 149 ventrals 
and 74 caudals < male). The head show’s no 
markings whatever. The body lacks all pat¬ 
tern characters save the middorsal stripe, 
w'hh’h is narrower than in the type (in¬ 
volves only the edges of the paravertebral 
nnvs) and black-bordcred; there are flecks 
of black on some lateral scales, and the 
nuchal blotches are indicated by black 
flecks on certain nuchal scales; the belly is 
unspotted. 

The Field Museum paratype has 167 ven¬ 
trals, 78 caudals, 7-7 supralabials, 10-10 in¬ 
fralabials, 1-1 preoculars and 19-19-17 
scale rows. It is like the holotype, except 
that the pattern is less w’ell defined (scales 
not spread apart as in holotype) ; the an¬ 
terior spots are fused together, reproducing 
more or less the lateral neck pattern of 
praeocularis; and the rows of spots on the 
belly are shorter and the spots smaller. 

Comparisons. This form appears to be 
most closely related to praeocularis , having 
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a very similar body pattern. The most dis¬ 
tinctive pattern differences are found on the 
head. In praeocularis the dorsal surface of 
the head is dark, the lips are strongly 
barred, and the nuchal blotches are fused 
with the head color. The ventrals are a little 
less numerous than in cerebrosus , varying 
from 136 to 140 in four specimens (fe¬ 
males ). Whether there will prove to be aver¬ 
age differences in neck pattern cannot now 
be stated; in praeocularis the first few body 
spots are single, instead of double and al¬ 
ternating, and cross the lateral light stripe; 
this pattern does not occur in the type of 
cerebrosus , but does in the single normal 
paratype. It is also possible that the number 
of supralabials in cerebrosus may average 
fewer than in praeocularis . 

Thamnophis sumichrasti fulvus 

(Bocourt). 

This rather well-defined form is charac¬ 
terized by the indistinctness of the dorsal 
stripe, which is poorly defined and about 
one scale row wide (except sometimes on 
the neck) ; the head generally is light, and 
always with no or very discreet dark labial 
marks; dark marks on the belly, as in prae- 
ocular and cerebrosus, are completely lack¬ 
ing; scale rows 19-19-17 (a short row me¬ 
dially on each side, increasing the count to 
21, in one specimen out of 32; one other 
specimen with 15 posteriorly); supralabials 
regularly 8-8; ventrals 136 to 153; caudals 
58 to 76. 

The subspecies is known only from cen¬ 
tral Guatemala. Specimens examined are 
.rum Sierra Santa Elena, Tecpam, 9500 ft. 
(FMNIT Nos. 1926, 30432-3) and Chichi- 
vac, Chimaltenango (FMN1I Nos. 20261-2, 
20275). Slevin (Proc. Calif. Acad. Sci,, ser. 
4, vol. 23, 1939, p. 397) records 26 speci¬ 
mens from Chichivac, in the vicinity of 
Tecpam (CAS Nos. 66983 98) ; Lake San 
Antonio, near San Antonio (CAS Nos. 
66983-98) : and Finca El Potrero, Volcan 
Agua (CAS No. 66973). The race may exist 
in Chiapas. Apparently it occurs only at 
relatively high elevations, while cncbrosus 
and praeocularis are lowland and foothill 
subspecies. 


The closest relative of fulvus is not prae¬ 
ocularis or cerebrosus , which are closely as¬ 
sociated geographically, but more probably 
sumichrasti. With the latter fulvus agrees 
in head pattern (no dark labial marks), 
ventral pattern (no spots) and in scale 
counts; the only significant difference be¬ 
tween these two is in the presence of stripes 
(although dim except on neck) in fulvus , 
the absence of them in sumichrasti. This 
difference, though slight, is very constant in 
the specimens examined. 

Thamnophis ordinoides errans 

subsp. nov. 

Holotype. USNM No. 46336, female, from 
Colonia Garcia, Chihuahua. Paratypes. 
Three topotypes, Nos. 46337-9, and two 
from Coyotes, Durango (FMNH Nos. 
1499A-B). 

Diagnosis. A member of the ordinoides 
group, with 19-19-17 scale rows and maxil¬ 
lary teeth 17 or 18, the posterior not con¬ 
spicuously enlarged, although a little longer 
than the anterior teeth; ventrals 155 to 166 
(155-156, females; 163-166, males) ; caudals 
72 to 91 (72 to 82, females; 85 to 91, 
males); supralabials seven or eight; sixth 
labial large and not narrowed above; stripes 
very poorly defined as a rule, median stripe 
generally covering but one scale row where 
visible; spots between stripes small, those 
of the outer row usually very poorly de¬ 
fined or absent; top of head dark, the color 
extending onto sides; supralabial region 
light, except for black posterior edges on 
most of the labials; a vaguely darker, longi¬ 
tudinal line through lower temporal region. 

D( sctipl ion of Holotype. Portion of ros¬ 
tral visible from above as long as inter¬ 
nasal; suture of one of latter with rostral 
as great as naso-rostral suture, or a little 
longer; one preocular; three post oculars; 
temporals 1 -2-3; eight supralabials on one 
side, on the other side the two subocular 
labials fused; anterior and posterior edges 
of 6th labial parallel, inclined forward 
slightly; 6th labial a little higher than long; 
ten infralabials; posterior chinshiclds sepa¬ 
rated from each other, a little longer than 
anterior chinshields. 


Scale Counts of 6\ fvirus/ 1 


Number 

Sex 

Scale Rows 

Ventrals 

Caudals 

Supra 1 

Infral 

Proc. 

Ptoc. 

20261 

<* 

19-19-15 

146 

69 

8-8 

10-10 

1-1 

3-3 

20262 

6 

19-19-17 

145 

75 

8-8 

10-10 

1-1 

3-3 

1926 

9 

19-19-17 

136 

— 

8-8 

9-10 

1-1 

3-3 

20275 

9 

19-19-17 

142 

60 

8-8 

10-11 

1-1 

3-3 

30432 

9 

19-19-17 

144 

59 

8-8 

10-10 

1-1 

3-3 

30433 

9 

19-21-17 

142 

58 

8-8 

10-11 

1-1 

3-4 


H See Slevin [loi i\t ) for count* on the 26 specimens 
in the California Academy of Sciences. 
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Scale rows 19-19-17, the fourth row drop¬ 
ping at the 104th ventral; ventrals 156; 
anal entire; caudals 82, total length 545 
mm.; tail 139 mm. 

Dorsal surface of head uniform dark 
brown, the color extending onto sides, with¬ 
out marks; labial region cream; an area on 
posterodorsal edge of labials (except last) 
black; loreal, nasal, two lower postoculars 
and lower half of preocular suffused with 
cream; temporal region dark, nearly black 
at sutures with labials, abruptly differen¬ 
tiated from light labial color: posterior to 
temporal region and parietals, the brown 
color of head shades into a black nuchal 
patch extending posteriorly four scale 
lengths, this patch extending laterally a lit¬ 
tle below 7 angle of mouth, and sharply dif¬ 
ferentiated posteriorly and below 7 from the 
adjacent light color. Dorsal ground color 
browm, lighter brown below middle of third 
and on vertebral scale rows; on neck a sin¬ 
gle, poorly defined series of transversely 
elongate spots; this series breaks into two 
rows, and the lower of these row's dis¬ 
appears on anterior fourth of body; the 
median series of spots continues about to 
middle of body, there disappearing; on pos¬ 
terior third of body no markings whatever 
are visible, and only the lighter ground color 
below the middle of the third row 7 indicates 
the position of the lateral light stripe. Tail 
uniform brown. Chin and gular area cream, 
unmarked; otherwise entire ventral surface 
slate gra\, the posterior edges of the scales 
light. 

Va not ion. In coloration the subadult 
male and one juvenile topotype are just like 
the holotype; the other juvenile topotype 
has the spots in the outer row 7 more clearly 
defined, visible < though dimly) to the tail. 
All agree with the type in having the naso- 
rostral suture much smaller than the com¬ 
bined internasal-rostral sutures. 

The two paratypes from Coyotes, Du¬ 
rango, differ in coloration from the topo- 
tvpes only in the greater distinctness of the 
dorsal stripe. In the larger the stripe is dis¬ 
tinct the full length of the body, and in¬ 
volves the inner halves of the paravertebral 
scale row’s; it divides the nuchal blotches 
and reaches the parietals. In the smaller 


specimen the stripe is only one scale row 
wide, but it is distinct posteriorly as well as 
anteriorly. There are no markings below the 
vaguely indicated lateral light line. 

Remarks. These are the first specimens 
recorded from mainland Mexico (i.e., exclu¬ 
sive of Baja California) of the ordinoides 
group. They differ from all except ordi¬ 
noides, atratus, and hydrophila by having a 
maximum of 19 scale rows. Of these, ordi- 
voides has fewer ventrals and caudals; 
atratns has a distinct dorsal stripe and fre¬ 
quently has red in the dorsal color; and 
hydrophila regularly has eight labials, the 
sixth narrower above than below, and the 
combined internasal-rostral sutures less 
than a single naso-rostral suture (these 
characters from Fitch, Uviv. Calif. Publ. 
Zool. f vol. 44, 1940). 

Of known Mexican species, the one most 
tasily confounded with errans is eques 
eqtus, a form having similar scutellation at 
least in the southern part of its range. The 
latter may be distinguished by the presence 
of dark spots below the lateral light line (on 
the scales) ; by the distinct lateral light 
line; and by the number and character of 
the maxillary teeth. Tw r o eques eques exam¬ 
ined (from the states of Sonora and Mex¬ 
ico ) have 24 and 26 maxillary teeth, and the 
last is much larger (tw r o or three times) 
than the anterior and middle teeth. Two 
errans (one from each locality) have 17 and 
18 maxillary teeth, and the posterior is but 
little larger than the middle and anterior 
teeth; these maxillae resemble one extracted 
from a specimen of ordinoides vagrans 
from Rinconada, New 7 Mexico (USNM No. 
4436D, w’ith 20 teeth, the last but little 
enlarged. 

The relationships and phylogenetic posi¬ 
tion of errans are not clear, and cannot w 7 ell 
be guessed until more specimens show 7 the 
type of variation that exists in it. The re¬ 
semblance to equt v is so close that the possi¬ 
bility of its derivation from the latter 
should be considered; if such is the case, 
then errans w r ould have to be looked upon as 
the most primitive of the ordinoides group; 
this is the view 7 here considered the most 
probable. According to Fitch’s theories, 


Scale Counts in ordinoidts errans. 


Number 

Sex 

Scale Rows 

Ventrals 

Caudals 

Supra] abials 

Infralabials 

Prcoculars 

Post oculars 

Total length (mm.) 

Tail length (mm.) 


46336 

46339 

9 

? 

19-19-17 

19-19-19 

156 

155 

82 

72 

8(7)-8 

7-8 

10-10 

10-11 

1-1 

1-1 

3-3 

3-3 

546 

214 

139 

51 


46337 

46338 

& 


19-19-17 

19-19-17 

166 

163 

91 

85 

7-7 

7-7 

10-10 

10-11 

1-1 

1-1 

3-3 

3-3 

437 

242 

117 

68 


1499 

1499 

6 

$ 

19-19-17 

19-19-17 

156 

158 

90 

91 

7-7 

7-7 

10-10 

10-10 

1-1 

79 

3-3 

1-1 

610 

2-2 

169 

300 
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however (and Ruthven’s), errans probably 
would be considered one of the end forms of 
the artenkreis, paralleling the ordinoides 
section in its reduced scutellation and 
broad snout. 

Thamnophis sirtalis parietalis (Say). 

A specimen collected by Nelson and Gold¬ 
man at Casas Grandes, Chihuahua (USNM 
No. 46371), is the only specimen of this 
species known from Mexico. It is a female 
with 19-19-17 scale rows, 152 ventrals, tail 
incomplete, supralabials 7-7, infralabials 
10-11, preoculars 1-1, postoculars 3-3. The 
spots in the upper row are fused together, 
and those in the lower row are confluent 
with the upper row but not with each other; 
the spaces between the latter are red. 

Thamnophis mareianus 

(Baird & Girard). 

This species is characterized by having a 
distinct lateral light stripe confined to the 
third row of scales; the onlv other having a 
similar disposition of the lateral stripe is 
rulhveni. In the latter, however, the mid¬ 
dorsal stripe involves only the vertebral 
scale row; in mareianus it covers the adja¬ 
cent halves of the paravertebral rows as 
veil. In addition the ventrals in rufhveni are 
generally fewer. 

In body pattern, particularly in the neck 
region, this species as well as ruthreni 
shows a much greater similarity to the 
eques group than it does to megalopi s*. 

The forty-seven specimens examined are 
from the following localities: Sonora: (No. 
7235); Chihuahua: Ojos del Diablo, Santo 
Domingo Ranch (No. 30837); 16 leagues 
north of Guerrero (No. 46583); 10 miles 
north of Ciudad Delicias (No. 105293); 
Progreso (near Casas Grandes) (Nos. 
104634-41) ; 5 miles south of Cuidad Juarez 


(EHT-HMS No. 5418); Rio San Pedro, 
betw. Chihuahua City and Naica (EHT- 
HMS Nos. 5319-22, 5419, 5421-3). Dv- 
rango : 5 miles north of Conejos (EHT- 
HMS No. 5420); between Lerdo and La 
Goma (No. 109295). Coahuila : 2-3 miles 
east of Torreon (EHT-HMS No. 4996); 
Santa Helena Canyon, Rio Grande (FMNH 
No. 26135). Nuevo Leon : Mamulique Pass 
(EHT-HMS No. 5287); Sabinas Hidalgo 
(EHT-HMS No. 28653); 8 miles W. of 
Monterrey (EHT-HMS No. 23615). Tamau- 
lipas: Matamoras (Nos. 861, 5491, 15344) ; 
Charco Escondido (No. 1849); Rancho El 
Plato, 38 miles southeast of Rcynosa (No. 
95183). Garman {Bull. Essex Inst., vol. 19, 
1887, pp. 7-8) records the species from 
“San Luis Potosi,” but the record appears 
to be in error. 

Thamnophis ruthveni Hartweg & Oliver. 

Similar to mareianus , having the lateral 
stripe confined to the third scale row, but 
differing in having a narrow middorsal 
stripe covering only the vertebral scale row 
(one and two half rows in mareianus) , and 
generally by having fewer ventrals (117 to 
154 in males, 141 to 150 in females; mai- 
eianus has 151 to 165 in males, 141 to 159 
in females). It is known only from the Pa¬ 
cific side of the Isthmus of Tehuantepec, 
where it has been taken near Tehuantepec, 
at Chivela, and at San Mateo del Mar, state 
of Oaxaca. 

Two specimens examined are from Te¬ 
huantepec (No. 110802) and Clnvela (No. 
463,64). Doth are males, and respectively 
have 21-21-17, 21-21-16 scale rows; ven¬ 
trals 153 in both; eaudals ?, 71; supralabials 
8-8, infralabials 10-10, preoculars 1-1, post¬ 
oculars 4-4, a minute anterior temporal in 
each. Three other specimens (EHT-HMS 
Nos. 27562-4) are from Tehuantepec. 


Scale Counts of mareianus . 


Numbi r Se\ 

28658 9 

5491 9 

849 9 

7235 9 

26135 9 

30837 9 

46583 9 

104635 9 

104637 9 

104639 9 

104640 9 

104641 9 

105293 9 

105295 9 

15344 c$ 

95183 S 

104634 S 

104636 $ 

104638 S 


Scale Rows 

21-21-17 
21 -21-17 
21-21-17 
21-21-17 
21-21-17 
21-21-17 
21-21-17 
21-21-17 
21-21-17 
21-21-17 
21-21 -17 
21-21-17 
21-21-17 
21-21-17 
21-21-17 
21-21-17 
21-21-17 
21-21-17 
(19)21-21-17 


Vent rals 

Ctiiidals 

150 

65 

146 

— 

144 

- - 

153 

67 

150 

— 

150 

— 

148 

— 

157 

66 

154 

62 

156 

— 

156 

— 

156 

— 

155 

69 

154 

— 

151 

76 

153 

78 

162 

— 

165 

72 

160 

70 


Suprnl 

Jnfial 

8-8 

10-10 

8-8 

10-10 

8-8 

10-? 

8-8 

10-10 

8-8 

10-11 

8-8 

9-10 

8-8 

10-10 

8-8 

9-10 

8-8 

9-9 

8-8 

9-10 

8-8 

9-10 

8-8 

10-11 

8-8 

10-10 

8-8 

10-10 

8-8 

9-10 

7-8 

10-10 

8-8 

J0-10 

8-8 

9-9 


Proc. 

Ptoc 

1-1 

4-4 

1-1 

3-4 

1-1 

4-4 

1-1 

4-4 

1-1 

3-3 

1- 1 

4-4 

1-1 

4-4 

1-1 

3-3 

1-1 

3-3 

1-1 

3-3 

1-1 

3-4 

1-1 

3-4 

1-1 

3-4 

1-1 

3-4 

l-l 

4-4 

1-1 

4-4 

1-1 

4-4 

1-1 

3-4 
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Thamnophis macrostemma macro - 
siemma (Kennicott). 

As stated previously (Smith, Zool. Ser. 
Field Mus. Nat. Hist., vol. 24, 1939, pp. 29- 
30), this species cannot stand as megalops; 
if the latter name is to be used, it must be 
for a subspecies of macrostemma (since it is 
not based upon a distinct species) for Cope 
(Bull. U. S. Nat. Mus., No. 1, 1875, p. 41) 
chose the latter as the name for the species. 

It seems that macrostemma is composed 
of one or more populations differing to some 
extent from each other. Nevertheless I am 
not certain that the differences previously 
pointed out by me (loc. cit.) between north¬ 
ern and southern specimens actually differ¬ 
entiate two populations, instead of merely 
expressing a lack of specimens from terri¬ 
tories intervening between the two geo¬ 
graphical extremes. Specimens from certain 
localities in such intermediate territory 
which have been studied more recently do 
turn out to oe intermediate, and thus is 
supported a possibility that the variation 
in ventral and caudal counts exhibits a defi¬ 
nite south-north trend independent of the 
variation in other characters, such as color, 
that may actually define several true popu¬ 
lations in the species. That color character¬ 
istics may define geographic races in this 
species has been emphasized by Ruthven 
(op. cit.) and more recently by Brumwell 
(Tians. Kans. Acad. Sci , vol. 42, 1939 
119401, pp. 423-429, pi. 1 ). The difficulty of 
analyzing color differences upon the basis 
of only preserved specimens has made im¬ 
practical a further study of this aspect of 
the problem at the present time. 

However, despite certain doubts in my 
own mind of the validity of such a separa¬ 
tion, the recognition of a northern and a 
southern race of macrostemma based upon 
differences in ventral and caudal counts is 
still statistically sound. 

In caudal counts of males, 93% of m. 
macrosti mma have 78 or less, while 91% of 
m. mt galops have 79 or more; in females 
947' of m. macrostemma have 68 or less, 
while 957 of m. megalops have 69 or more. 
In ventral counts of females 857 of m. 
macrostemma have 185 or less, while 54% 
of m. me galops have 159 or more; the over¬ 


lap in males is practically complete. In total 
counts of males, 86% of m. macrostemma 
have 242 or less, while 95% of m. mcgalops 
have 243 or more; in females of m. rrmcros- 
temma, 79% have 225 or less, while in m. 
megalops 89% have 226 or more. 

Specimens recently examined add further 
data for the table of variation previously 
published. 

The following distributional records are 
available. Nayarit: Santa Teresa; Tepic. 
Jalisco : Atemajac; Chapala; 20 km. south 
of Guadalajara; Guadalajara; La Quemada; 
Magdalena; Ocotlan. Michoacdn : Lake Cuit- 
zeo; Patzcuaro; Zamora; Tadcuaro. Mex¬ 
ico: Chaleo; Chimalhuacan; Lerma; San 
Pedro Tultepec; Toluca; Nevado de Toluca; 
7-10 miles west of Villa Victoria. Distrito 
Federal: Chapultepec; Coyoacan; La Viga 
Canal; Mexico City; Xochimilco. Puebla: 
Atlixco; Puebla; Tecamachalco. l Vetacruz: 
Acateno; Mirador; Orizaba. Oaxaca: Mitla. 

The specimens from the vicinity of Lake 
Chapala and La Quemada are intermediate 
in character between the two races, and 
were not included in the comparisons given 
above. For data on variation in these speci¬ 
mens see Brumwell, op. at. 

Thamnophis macrostemma megalops 

(Kennicott). 

The following distributional records in 
Mexico are available. Chihuahua: Chihua¬ 
hua; Colonia Juarez; Jimenez; Minaca; San 
Andres; Rio San Pedro between Naica and 
Chihuahua City; Progreso, near Casas 
Grandes (on Rio Santa Maria); Casas 
Grandes; Colonia Garda; Santa Rosalia; 
Sierra Madre. Sonora : Santa Magdalena 
( Tuscon Ariz. ? ). Durango: Ada Magda¬ 
lena; Coyotes; Durango; El Salto; Rio 
Tunal, above Pueblito; Lerdo. San Luis 
Potosi: Hda. La Parada. Guanajuato: 
Guanajuato; Irapuato; Moro Leon; Sala¬ 
manca; Tupataro (this may be one of the 
towns of the same name in the state of 
Miehoacan); Celaya. Hidalgo: La Vega, 
Mizquiahuala, Valle de Mezquital (Martin 
del Campo, Anal. Inst. Biol. Mex. y vol. 8, 
1937, p. 264). 

4 Localities in this state probably incorrect 


Variation in Scale Counts of Thamnophis macrostemma. 


Race 

Sex 


Caudals 



No. 

Range 



Spec. 


m. megalops 

S 

23 

77-89 

m. megalops 

9 

22 

68-89 

m. macrostemma 

S 

43 

65-81 

m, macrostemma 

9 

33 

61-71 


Ventral s Totals 


Av. 

No. 

Spec. 

Range 

Av. 

No. 

Spec 

Range 

Av. 

82 

32 

159-172 

165 

20 

242-255 

248 

74 

30 

149-164 

157 

18 

222-260 

235 

74 

53 

129-169 

164 

42 

226-245 

237 

66 

48 

150-171 

158 

33 

210-228 

221 
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Thamnophis sauritus proximus (Say). 

Mexican specimens examined since 1938 
(Smith, Occ. Papers XJniv. Mich . Mvs. Zool. t 
No. 388, 1938, pp. 5-7) are from 60 miles 
south of Matamoras, Tamaulipas (FMNH 
No. 27183); Hda. La Clementina, Tamau¬ 
lipas (No. 105305); and Acultzingo, Vera¬ 
cruz (Nos. 110803-4). These have 165, 160, 
159, 160 ventrals, respectively; caudals 
94-f ? ( $ ), 102+< $ ), 97( 6 ), 98( 9 ). The 
Acultzingo record must represent nearly the 
extreme southern edge of the range of the 
subspecies, as at about the same parallel 
chalceus occurs on the coast. 

Thamnophis sauritus chalceus (Cope). 

The range of this subspecies is from cen¬ 
tral Veracruz to Costa Rica. To the locali¬ 
ties mentioned by Dunn ( Herpetologica , 
vol. 1, 1940, pp. 192-3) and Smith ( op.cit ., 
pp. 5-6, pi. 1) can be added Jonuta (No. 
110805) and Montecristo (No. 46584), Ta¬ 
basco; Puerto Morelos (No. 46580) and 
Cozumel Island (No. 13906), Yucatan; 
Coba (FMNH No. 26972). Quintana Roo; 
San Geronimo (FMNH No. 1459), Oaxaca; 
and Potrero Viejo (EHT-IIMS No. 5272), 
Veracruz, 

Thamnophis melanogaster melanogaster 

(Peters). 

It seems not to have been generally recog¬ 
nized that eastern specimens of this very 
distinct species are the only ones with a 
broad, black area on the belly and tail; 
specimens from the western and northern 
parts of the range have a narrow, mid- 
ventral dark line frequently scarcely evi¬ 
dent. The lateral light stripes are seldom 
not visible (placed on the second and third 
scale rows) in eastern specimens, but sel¬ 
dom evident in the western. Young, sub¬ 
adults and sometimes even large specimens 
of eastern specimens have a narrow, mid¬ 
dorsal light line involving only the vertebral 
scale row, while western specimens show no 
middorsal light line in either young or 
old. Moreover eastern specimens generally 
(81$) have the second labial in contact 
with the nasal on both sides of the head 
(usually the contact is broad), while in 
western specimens this occurs in but 22$. 
Eastern specimens also usually (75$ ) have 
3-3 or more postoculars, while western 
specimens usually have 2-3 or 2-2 (72$). 
Finally, the caudals in eastern specimens 
are usually 64 or less in males (84$), 54 or 
less in females (73$), while in western 
specimens they usually number 65 or more 
in males (69%), 55 or more in females 
(84$n). 

The name melanogaster probably, al¬ 
though not certainly, is referable to the 


eastern specimens. Peters' description is 
very brief and states only that a median 
black band is present on the belly, and that 
it is less distinct on the tail. The descrip¬ 
tion might well apply to western specimens, 
but such a name as melanogaster hardly fits 
them, while it is very descriptive of the 
eastern specimens. Accordingly I restrict 
Peters’ name to the eastern race, pending a 
study of the types that will definitely allo¬ 
cate the name. 

Tropidoyiotus mesomelanus Jan also is 
based upon the eastern race as shown by 
the excellent figures on plates 5 and 6, 
livraison 27, of the Iconographie Generate 
des Ophidiens. The pigmentation of the tail 
is less extensive than usual and the anal 
plate is unmarked in one of the figures (pi. 
6), but I have seen a specimen from Lake 
Xochimilco which duplicates the pattern 
shown in the figure so exactly that I have 
no doubt in referring the specimen depicted 
to the eastern race. On plate 5 another speci¬ 
men, this from the Vienna Museum, is fig¬ 
ured; it is a very typical specimen of the 
eastern race, and is here designated lecto- 
type of Jan’s mesomdanus . 

A final name synonymous with melano¬ 
gaster is Tmpulonotns Baron is Muller / 
Troschel. This is synonymized with the 
typical race of mdanogastn for several rea¬ 
sons. In the first place the name is not in 
binomial form, since the species name con¬ 
sists of two words. The name, thus written, 
cannot be accepted; had a hyphen been used, 
thus making one word of it, the form would 
satisfy requirements of binomial nomen¬ 
clature. Boulenger, in fact, referring the 
name to the synonymy of mtlanogastn 
(Cat. Snakes Brit. Mus., vol. 1, 1893, p. 226) 
hyphenated the name, thus giving it nomen- 
datorial status. His description is based 
upon specimens of both races of melano¬ 
gaster; I restrict it to eastern specimens, 
referable to the typical race. 

Troschel’s description of T. Baro}us 
Mulleri , moreover, is not certainly indenti- 
fiable to subspecies; the specimens are, of 
course, definitely melanogaster , but whether 
eastern or western is not made evident. By 
inference, since a comparison is made with 
T. grahamii and the belly is stated to have 
a midventral dark streak like that species, 
Trosehel’s specimens may have been west¬ 
ern, for the belly streak in grahamii , when 
present, is quite narrow as in western 
melanogaster. The identification at present 
however cannot be definite; fortunately this 
is not imperative since Troschel's name is 
not available. 

Accordingly no name proposed in the past 
appears to be available for the widely-dis¬ 
tributed western race. It is named and de¬ 
scribed in the following. If, however, at 
some future date it develops that Peters' 
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type of melanoga8ter is based upon western 
specimens, then his name must take pre¬ 
cedence over the one proposed here, and 
mesomelanus Jan will be available for the 
eastern race. Unfortunately it is impossible 
at present to offer a more assuredly perma¬ 
nent nomenclature for these snakes. 

In 31 specimens, 25 have the second labial 
in contact with the nasal on both sides, 4 on 
one side, 2 on neither side. In 44 specimens, 
the postoculars are 2-2 in six, 2-3 in five, 
3-3 in thirty, 3-4 in three. The ventrals are 
144 to 158 in males, average 148.3, in fe¬ 
males 140 to 153, average 145.2. The caudals 
are 58 to 68 in males, average 62.3, in fe¬ 
males, 50 to 61, average 53.5. 

Specimens examined of Thamnophis me - 
la nog aster nnlanogustcr are from the fol¬ 
lowing localities. Distnto Federal: Mexico 
Citv (Nos. 12726, 12720); Lake Xochimilco 
(EHT-IIMS No. 5063). Mexico: Chaleo 


(FMNH Nos. 983, 1099, 2038); Chimal- 
huacan (Nos. 110793-8); Lerma (EHT- 
HMS Nos. 5044-62,5075-8,5076A, 15942-7). 
The only record in the literature for a lo¬ 
cality not represented by specimens ex¬ 
amined and probably referable to m. melano - 
gaster f is Jicaltepec, Veracruz . 

These records indicate a range from cen¬ 
tral Mexico (state) to western central Vera¬ 
cruz; it possibly occurs also in northern 
Puebla and southern Hidalgo. 

Thamnophis melanogasier cane see ns 

subsp. nov. 

Holotype . EHT-HMS No. 5023, male, from 
Lake Chapala at Chapala, Jalisco, collected 
July 2, 1935, by II. M. Smith. Paratypes. 
Sixty-four, including EIIT-HMS Nos. 4896, 
4921, 4923-32, 4928A, 4934, 4936, 4939-41, 
4942A, 4943, 4967-73, 4970A, 5020-2, 5024- 
43, all topotypes, same date and collector; 


Scale Counts in melanogaster melanogaster . 


Must um 

JMumlu r 

Six 

Scale Hows 

Ventrals 

Caudals 

Supral 

Infral 

Prm 

Ptoc. 

FMNH 

983 

V 

19-19-17 

145 

61 

8-8 

10-10 

1-1 

3-4 


2038 

j 

if 

153 

55 

8-8 

10-10 

1-1 

3-4 


1099 

1 

44 

153 

57 

8-8 

10-10 

1-1 

3-3 

** 

1099 

4 

“ 

147 

— 

8-8 

9-10 

1-2 

2-3 

l SNM 

12726 

V 

ii 

150 

51 

8-8 

10-10 

2-3 

3 3 

“ 

12729 

$ 

44 

150 

59 

8-8 

9-10 

2-2 

3-3 


110794 

9 

44 

150 

— 

8-8 

10-10 

1-2 

2-2 


110797 

9 


150 

53 

8-8 

10-11 

2-2 

2-2 

KHT-HMS 

5044 

V 

44 

143 

53 

8-8 

10-10 

2-3 

2-2 

<i 

5045 

9 


143 

51 

8-8 

10 10 

2-2 

3-3 


5046 

9 


141 

51 

8-8 

10-11 

2-2 

3-3 

t. 

5047 

9 

if 

141 

52 

8 8 

10-11 

2-2 

3-3 

ii 

5048 

9 

fi 

1 42 

53 

8 8 

9-10 

2-3 

3-3 

<t 

5049 

9 

44 

144 

54 

8-8 

10-10 

2-2 

3-3 

it 

5051 

i> 

ii 

143 

52 

8-8 

9-10 

2-2 

3-3 


5052 

9 

it 

141 

55 

8-8 

9-10 

2-2 

3-3 

i< 

5057 

V 

44 

143 

52 

8-8 

10-10 

2-2 

2-3 

“ 

5058 

9 

ii 

141 

54 

8-8 

10 10 

2-2 

2-2 

it 

5060 

9 

it 

143 

52 

8-8 

10-10 

2-2 

3-3 

tt 

5063 

9 

44 

145 

57 

8-8 

10 10 

2-2 

2-2 


15943 

9 

if 

140 

51 

8-8 

10-11 

2-2 

3-3 

tt 

15941 

9 

ft 

146 

52 

8-8 

10-10 

2-3 

3-3 

tt 

15945 

9 

ft 

142 

— 

8-8 

10-10 

2-2 

2-3 

tt 

15946 

9 

ft 

146 

53 

8-8 

10-10 

2-2 

3-4 

tt 

15947 

9 

ft 

147 

50 

8-8 

11-11 

2-2 

3-3 

FMNH 

1099 

-5 

44 

155 

67 

8-8 

10-10 

1-1 

3-3 

USNM 

110793 

3 

ft 

158 

68 

8-8 

10-10 

2-2 

3-3 

tt 

110795 

3 

ft 

152 

68 

8-8 

9-10 

2-2 

2-2 

•* 

110796 

3 

it 

154 

59 

8-8 

10-10 

3-3 

3-3 

tt 

110798 

3 

if 

152 

64 

7-7 

10-10 

2-2 

3-3 

EHT-HMS 

5050 

3 

ft 

150 

59 

8-8 

10-10 

2-2 

2-3 

tt 

5053 

3 

if 

145 

61 

8-8 

9-10 

2-2 

3-3 

tt 

5054 

3 

ft 

144 

60 

8-8 

10-11 

2-2 

3-3 

tt 

5055 

3 

44 

147 

62 

8-8 

10-10 

2-3 

3-3 

tt 

5056 

3 

if 

144 

64 

8-8 

10-10 

2-2 

3-3 

<t 

5059 

3 

ft 

147 

64 

8-8 

9-10 

2-3 

3-3 

tt 

5061 

3 

44 

149 

64 

7-8 

10-10 

1-2 

3-3 

tt 

5062 

3 

ff 

145 

61 

8-8 

9-10 

2-2 

3-3 

tt 

5075 

3 

if 

147 

63 

8-8 

10-10 

2-2 

3-3 

tt 

5076 

3 

ff 

147 

61 

8-8 

10-10 

2-2 

3-3 

tt 

5077 

3 

fi 

146 

58 

8-8 

10-10 

2-2 

2-3 

tt 

5078 

3 

ff 

146 

62 

8-8 

10-10 

2-2 

3-3 

tt 

5076A 

3 

ff 

145 

59 

8-8 

10-10 

2-2 

3-3 

tt 

15942 

3 

ff 

146 

59 

8-8 

10-10 

2-2 

3-3 
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EHT-HMS No. 5019, Magdalena, Jalisco; 
EHT-HMS Nos. 5064-5, Lake Cuitzeo, 
Michoacan; EHT-HMS Nos. 5066-71, three 
miles east of Celaya, Guanajuato; FMNH 
No. 1529(2), Ocotlan, Jalisco; USNM No 
110800, Tacicuaro, Michoacan; USNM No 
110799, La Palma, Michoacan. 

Diagnosis . Like Thamnophismelanogaster 
melanogaster , except: belly with scattered 
spots, immaculate or, usually, a narrow, some¬ 
times broken longitudinal midventral dark 
line; lateral light stripes rarely evident; sub- 
caudal surface unmarked or with a narrow, 
irregular median streak; never a middorsal 
light line; second labial generally (78%) 
separated from nasal on one or both sides of 
head; postoculars generally (72%) 2-2 or 
2-8; subcaudal scales generally (67%) 65 
or more in males, 55 or more in females 
(84%). 

Description of Holotype. Head narrow, 
somewhat pointed, lores somewhat flaring; 
length of rostral visible from above two- 
thirds length of suture between internasals; 
latter equal to length of suture between 
prefrontals; frontal pentagonal, anterior 


edge straight, posterior edges forming a 
right angle, sides somewhat concave, very 
slightly narrower posteriorly than anteri¬ 
orly; length of frontal subequal to length 
of suture between parietals, slightly less 
than distance from frontal to tip of snout; 
sutures between nasals and rostral three- 
eighths width of posterior margin of rostral; 
nasal completely divided, anterior section 
subequal in size to posterior; loreal large, 
rectangular, longer than broad; preocular 
single on one side, but a lower part partly 
divided by two incomplete sutures; pre¬ 
oculars two on other side, upper much the 
larger; postoculars 2-8; temporals 1-2-2. 

Supralabials 8-8, second narrowly in con¬ 
tact with nasal on one side, narrowly sepa¬ 
rated on the other; seventh labial largest, 
fourth and fifth entering orbit; infralabials 
10-10, five in contact with anterior chin- 
shields, two (fifth and sixth) with posterior 
chinshields; latter a little longer and 
broader than anterior, separated from each 
other throughout their length, divergent 
posteriorly. 

Dorsal scales in 19-19-17 rows, all except 
those in outer two rows keeled and truncate; 


Scale Counts in melanogaster canescens (Males). 


Museum 

Number 

St ale Rows 

Vt ntrak 

Caudak 

Supral 

Infral 

Pro< 

Ptoc 

FMNH 

1384 

19-19-17 

146 

65 

8-8 

10-10 

2-3 

2-3 

<< 

1384 

44 

149 

67 

8-8 

10-10 

1-1 

3-3 

a 

1500 

44 

155 

75 

8-8 

10 10 

1-1 

3 3 

EHT-HMS 

*4896 

44 

147 

59 

8-8 

10-10 

2 3 

9 3 

u 

*4921 

44 

149 

60 

8 8 

10-10 

2 2 

2 2 

u 

f4923 

44 

146 

63 

8 8 

10-10 

2-3 

2-3 

il 

f4924 

44 

147 

64 

8-8 

10-10 

2-2 

3-3 

u 

f4926 

44 

147 

67 

8-8 

10-10 

2-2 

3-3 

u 

f4927 

44 

146 

65 

8-8 

10-10 

2-2 

3- 3 

a 

f4928 

44 

148 

63 

8-8 

10 10 

2-2 

2-3 

u 

f4931 

44 

147 

64 

8-8 

10-10 

2 2 

3-4 

.4 

*4934 

44 

148 

65 

8-8 

10-10 

2 2 

2-3 

u 

*4936 

19-19-15 

149 

70 

8-8 

10-10 

2 2 

3-3 

ti 

*4939 

19-19-17 

148 

67 

8-8 

10-10 

2 2 

2-2 

u 

*4940 

44 

149 

70 

8-8 

10 10 

2-2 

2 3 

it 

*4941J 

44 

147 

67 

8-8 

10-10 

2 2 

2-2 

U 

4942A 

44 

145 

63 

8-8 

10-10 

2-2 

2-2 

u 

4943 

44 

147 

67 

8-8 

10 10 

§1-1 

2-2 

u 

4970 


148 

—- 

8-8 

10-10 

2-2 

3-3 

44 

4970A 

44 

148 


8 8 

10-11 

2-2 

2 2 

44 

4973 

44 

149 

72 

8-8 

10-10 

2-2 

2-3 

41 

5023 

44 

148 

69 

8-8 

10-10 

1-2 

2-3 

44 

5024 

44 

148 

68 

8-8 

10-10 

§1-2 

2-2 

44 

5027 

44 

145 

69 

8-8 

10-10 

2-2 

2-2 

it 

5028 

4 « 

143 

67 

8-8 

10-10 

2-2 

2-2 

it 

5029 

44 

144 

65 

7 7 

10-10 

2-2 

2-2 

1 4 

5030 

44 

146 

68 

8-8 

10-10 

2-2 

2-2 

44 

5032 

44 

148 

67 

8 8 

10-11 

2-2 

2-3 

44 

5034 

44 

146 

63 

8-8 

10-10 

2-2 

2-3 

44 

5066 

it 

151 

71 

8-8 

10-10 

2-3 

2-2 

it 

5071 

44 

152 

73 

8-8 

9-9 

2 >2 

2-3 

USNM 

23985 

44 

144 

— 

8 8 

10-10 

3-3 

3-3 

44 

23986 

44 

149 

— 

8-8 

10-10 

2-2 

3-3 

44 

23987 

44 

145 

61 

8-8 

10-? 

2-2 

2-3 

44 * 

46412 

44 

154 

69 

8-8 

10-10 

2-3 

3-3 

44 

46413 

44 

149 

70 

7-7 

9-10 

2-2 

2-2 


46414 

44 

150 

71 

8-8 

10-10 

2-2 

3-3 

* Young of No. 5038 

t Young of No. 

5021 

t Anal 

divided 

5 Loreal 

entering orbit. 
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scales in anal region with a central en¬ 
largement on the keel; ventrals 148; caudals 
69; total length 525 mm., tail 124 mm.; 
male. 

Entire dorsal surface slate (scales shed); 
when scales are spread, a narrow, inter¬ 
rupted, pure white line on the skin and ad¬ 
jacent edges of the third and fourth scale 
rows is evident; it is distinct and almost 
continuous anteriorly, but becomes less dis¬ 
tinct posteriorly and is not evident on pos¬ 
terior fourth of body; a series of small black 
spots placed in the middle of this line at 
every second or third scale; these spots vis¬ 
ible nearly to tail; a somewhat similar 
series of spots and light streaks, but much 
less evident, between the seventh and eighth 
scale rows; no dorsal or typical lateral light 
stripes (the light stripe described above is 
not the primary light stripe usually referred 


to in Thamnophis; it is an accessory mark¬ 
ing). Belly and tail light slate, chin cream; 
near the middle and posterior part of belly 
a very narrow, broken, longitudinal mid- 
ventral streak is discernible, but nowhere 
distinct; no dark marks on subcaudal sur¬ 
face; anal plate cream (not slate). 

Specimens Examined. In addition to the 
63 specimens of the type series, I have ex¬ 
amined 16 others, including FMNH No, 
1384(6), USNM Nos. 23985-9, Durango, 
and FMNH No. 1500, Coyotes, Durango; 
USNM Nos. 46411-4, La Parada, San Lius 
Potosi. Records in the literature referable to 
this race are from Guadalajara, Nevado de 
Colima, La Laguna and Colonia Brizuela, 
Jalisco; Tupataro and Guanajuato, Guana¬ 
juato; and Tangancicuaro, Michoacan. 

Variation. In 59 specimens, 13 have the 
second labial in contact with the nasal on 


Scale Counts in melanogaster caneseens (Females). 


Museum 

Number 

St ule Rows 

V nitrate 

Caudate 

Supra 1 

Infral 

Proc 

Ptoc. 

FMNH 

1384 

19-19-17 

145 

63 

8-8 

10-10 

1-1 

3-3 

*« 

1384 

ti 

146 

61 

8-8 

10-10 

2-2 

3-3 

a 

1384 

it 

138 

53 

8-8 

10-10 

2-2 

2-2 

i 4 

1384 

it 

143 

55 

9-9 

10-10 

2-2 

2-2 

M 

1529 

ii 

145 

57 

8-8 

10-10 

1-1 

2-2 


1529 

a 

143 

57 

8-8 

10-10 

2-2 

2-2 

EHT-HMS 

t4925 

ti 

142 

59 

8-8 

10-10 

2-2 

2-2 

u 

f4928A 

a 

141 

59 

8-8 

10-10 

2-2 

2-3 

it 

f4929 

a 

140 

60 

8 8 

10 10 

2-2 

3 3 

a 

t4930 

a 

145 

55 

8-8 

10-10 

2-2 

2-3 

a 

f4932 

u 

142 

56 

8 8 

10-10 

2-2 

2-2 

tt 

4969 

n 

145 

57 

8-8 

10-10 

2-2 

2-2 

a 

4971 

a 

143 

60 

8-8 

10-10 

2 2 

2-2 

a 

4972 

a 

145 

59 

8-8 

10-10 

2-2 

3-3 

a 

5019 

a 

137 

56 

8-8 

10-10 

2-2 

3-3 

it 

5020 

it 

142 

55 

8-8 

9-10 

2-2 

2-2 

it 

5021 

n 

146 

- 

8-8 

10-10 

2-2 

3-3 

tl 

5022 

a 

138 

54 

8-8 

10-10 

2-2 

2-2 

it 

5025 

n 

139 

60 

8-8 

10-10 

2-2 

2-2 

it 

5026 

a 

144 

59 

8-8 

10-10 

2-2 

2-3 

ti 

5031 

a 

138 

55 

8-8 

10-11 

2-2 

2-2 

it 

5033 

a 

145 

55 

8-8 

10-10 

1-2 

2-3 

ti 

5035 

it 

139 

55 

8-8 

10-10 

1-2 

2-2 

a 

5036 

19-19-16 

137 

55 

8-8 

9-10 

2-2 

2-2 

a 

5037 

19-19-17 

141 

51 

8-8 

10 10 

2-2 

2-2 

a 

5038 

ii 

141 

56 

8-8 

10-10 

2-2 

2-2 

a 

5039 

H 

143 

54 

8-8 

10-10 

2-2 

2-2 

a 

5040 

ii 

140 

58 

8 8 

10-10 

2-2 

2-2 

a 

5041 

19-19-16 

147 

58 

8-8 

10-10 

1-2 

2-3 

a 

5042 

19-19-17 

140 

— 

8-8 

10-10 

2-2 

2-2 

a 

5043 

a 

143 

55 

7-8 

10-10 

1-2 

2-2 

a 

5064 

17-19-17 

140 

60 

8-8 

10 10 

2-2 

2-2 

a 

5065 

19-19-17 

141 

— 

8 8 

10-10 

2-2 

2-2 

a 

5067 

n 

147 

61 

8-8 

10-11 

2-2 

2-3 

a 

5068 

t * 

147 

58 

8-8 

10-10 

2-2 

2-2 

a 

5069 

a 

143 

57 

8-8 

10-10 

2-2 

2-2 

ti 

5070 

a 

146 

57 

8-8 

10-10 

2-2 

2-3 

it 

4984A 

a 

139 

— 

8-8 

9-10 

2-2 

3-3 

a 

4984B 

a 

137 

55 

8-8 

10-10 

2-2 

3-3 

USNM 

23988 

u 

140 

52 

8-8 

10-10 

1-2 

2-2 

a 

23989 

ti 

142 

55 

8-? 

11-? 

2-? 

?-? 

a 

46411 

it 

147 

— 

8-8 

10-10 

2-3 

3-3 

a 

110799 

19-19-16 

143 

— 

8-8 

10-10 

2-2 

2-2 

“ 110800 
t Young of No. 5021 

19-19-17 

145 

49 

— 

—“ 


■ 
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both sides, 12 on one side, 34 on neither 
side. In 79 specimens, the postoculars are 
2-2 in 39, 2-3 in 18, 3-3 in 21, 3-4 in one. 
The ventrals vary from 143 to 155 in males, 
average 148.3; in females they are 137 to 
147, average 142.3. The caudals are 59 to 73 
in males, average 66.4; in females they are 
49 to 63, average 56.6. Other details of the 
variation in scutellation are given on the 
accompanying table. 

The largest specimen examined is a fe¬ 
male (No. 5069) measuring 751 mm. in total 
length, the tail 155 mm. The largest male 
(No. 4973) measures 622 mm. in total 
length, the tail 146 mm. 

In color there is considerable variation. 
There are two notable patterns. One, the 
more common, is exemplified by the holo- 
type. In this type there is no very promi¬ 
nent dorsal pattern; most clearly evident is 
a lateral series of small spots in the third 
and fourth scale rows. A female of this type 
(No. 5038) contained seven young (Nos. 
4896, 4921, 1934, 4936, 4939 11), all with 
the same pattern with the exception of one 
that is completely melanistic (there is also 
one completely black adult, No. 5022). 

In the second pattern type, the spots in 
the two rows described in the type are much 
enlarged, although not with sharply de¬ 
fined or regular edges; the spots do not 
meet; the belly may have irregularly-placed 
spots near the midventral line, two or three 
on each ventral scale. One female (No. 
5021) of this type contained eleven young, 
and all are marked dorsally like the mother, 
with very prominent spots; some have scat¬ 
tered dark spots on the belly, others have a 
midventral line or no marks whatever. 

The constancy of pattern in the young 
suggests that there may be more than one 
form involved. There are five adults (Nos. 
4969, 4973, 5021, 5030-31) that definitely 
belong to the distinctly-spotted group, 35 
that belong to the nearly unicolor group, 
and one that is more or less intermediate 


(No. 5034). Since the spotted specimens 
form such a small proportion of the adult 
population, it might be expected that, if the 
variant were of a normal type, there would 
be an equally small proportion of the young 
with such a pattern. That all the young of 
one female is the same, the rarer, type is 
distinctly unusual. 

In no specimen is a middorsal light stripe 
present. Some show slight evidence of a 
lateral light stripe anteriorly, on the second 
and third scale rows. 

Re/narks. There seems to be little doubt 
of the distinctness of the two races of me- 
1 a)wyaxter. In greater doubt is the alloca¬ 
tion of the names, and the identity of the 
spotted specimens from Chapala. The west¬ 
ern race, m. caucscnn s\ ranges from eastern 
Guanajuato and Michoacan and southern 
San Luis Potosi westward to the Nevado de 
Colima and central Nayarit, northward to 
central Durango It is possible that the Du¬ 
rango specimens may be distinguishable 
from the others, for 3-3 postoculars and 1-1 
or 1-2 preoculars frequently occur in them. 
Specimens from that area have not been re¬ 
examined during the study of this species 
and are thus not included as paratypes. The 
Tepic specimens are typical, non-spotted. 
The Celaya specimens show some evidence 
of approach to />/. mdanoyaxtf r, as the mid¬ 
ventral stripe is somewhat broader than in 
others of m. cainsc( hx. 

Thamnophis rufipunctatus (Cope). 

The type of angiix! uoxtnx (No. 959) has 
the appearance of a hybrid between mdnpo- 
yasto and the species which has been 
known since 1908 (Kuthven. op.cit., pp. 120- 
124) as aitgitxtn nutria ( ? ufipinictat hh ). 

That it cannot be identified with the species 
long knowm by that name has already been 
noted bv Taylor (Taylor & Knobloch, Proc. 
Biol. Sac. Wadi., vol. 53, pp. 129-130, 1940). 
The essential differences between these tw r o 
species may be contrasted as follows: 


Dorsal pattern 


rufipunctatnx 

Upper row of spots distinct 


Ventral pattern Irregularly mottled 


Head pattern (juv.) 

Preocular 
Labials enter eye 
Dorsal scales 
Ventrals 
Caudals 
Range 


Labia strongly barred, head 
mottled 
Never one 

One 

21-21(23)-17 
9 152-160 (9 counts) 

9 65-68 (5 counts) 
Durango to Arizona 


melavogoster 

No upper row of spots, lower 
row poorly defined 
Nearly all black, or a midventral 
dark line 

Labia indistinctly barred, head 
not mottled 
Occasionally one 
Two 

19-19 (17)-17 
9 137-153 (69 counts) 

9 49-63 (60 counts) 

San Luis Potosi 
Mexico City to Durango and 
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The type of awgustirostris has a very dis¬ 
tinct body pattern, with well defined spots 
in the upper row as well as the lower; the 
labia are somewhat more strongly barred 
than in typical vnelanugaster; and the dorsal 
scales are in 21-21-17 rows. In these char¬ 
acters it is more nearly like rufipuwctatus. 
It also has a nearly completely black belly, 
head nearly uniform except labial marks, 
one preocular, two labials entering orbit, 
and 149 ventrals. In these characters it is 
like melanogastcr. In caudal count the type 
is exactly intermediate between the two 
species, having 64 (female). Since the type 
is from a locality intermediate between the 
known ranges of melawogaster and rufipunc - 
tat it x there can be little question that it may 
be considered a hybrid/' It may be an inter¬ 
grade ( i.e., of a fertile hybrid population), 
but the fact that both rufipuwctatus and 
melanogastcr are distinguishable in one lo¬ 
cality (Coyotes, Durango, FMNII) indicates 
that the hybrids, if and when produced, are 
not fertile. Accordingly awgustirostris gives 
no evidence in support of a view that 
) ufipunctatns and mclanogastn are sub¬ 
species. 

The proper name for the northern form 
is open to question. In general the proced¬ 
ure is to let stand for hybrids those names 
based upon them, and accordingly angusti- 

r Thr possibility that it represents a distinct species 
still remain* however, only further spicirmns from the 
area i (-presented by the type will show conclusively nhuh 
interpretation is corns t 


rostris cannot be applied to either of the 
parent species. The next earliest name avail¬ 
able is rufipuwctatus, which also unfortu¬ 
nately is based upon an atypical (partial 
albino?) juvenile. The type (No. 8600) now 
lacks all dorsal markings although Cope de¬ 
scribed it with red spots. In belly pattern it 
is typical. The head pattern cannot be dis¬ 
cerned. The scutellation is typical, with the 
exception that two labials enter the orbit 
(a rare occurrence, but seen in other speci¬ 
mens). There are 373 ventrals; 86 caudals 
( <? ) ; 8-9 supralabials; and 21-21-17 scale 
rows, it is not an anomalous Natrix valida, 
which has 139 to 154 ventrals i Van Den- 
burgh, 1922). A later name, Atomarchus 
mullimaculatus Cope, is without question 
referable to this species (cf. Taylor & Knob- 
loch, loc. cit.) 

Twenty-six Mexican specimens examined 
are from the following localities. Chihua¬ 
hua: Colonia Juarez (FMNH No. 1096); 
Ahumada (FMNH No. 1259); San Andres 
(FMNH No. 1275a); Chihuahua (Nos. 
14254, 14261, 14265, 14271, 14275, 14286, 
14288); Rio Casas Grandes (No. 2659); 
Meadow Valley (No. 26592); Arroyo del 
Alamos, 70-74 kilometers south of Nueva 
Casas Grandes (Nos. 42874-5); Guadelupc 
v Calvo ( No. 46368) ; Rio Papagochic, Guer¬ 
rero (No. 95607); Progreso (Nos. 104658- 
61), Mojaraehic (FHT-HMS No. 23015). 
Durango: Coyotes (FMNH No. 1501-2); 
Guanacevi (No. 46369). Sonora? (No. 
21055). 


Scale Counts in rufipuwctatus. 


Enter 

Labials 


Museum 

Number 

Se\ 

Seale Rows 

Ventral* 

Caudals Suprnl 

Infral 

Proc 

rtoc 

Eye 

EHT-HMS 

23015 

? 

21-21-17 

156 

644 

9-9 

12-12 

3-3 

3-4 

1 

FMNH 

1259 

V 

21-21 17 

158 

— 

8-8 

10 11 

3-3 

3-4 

1 

USNM 

14275 

9 

21 21-17 

152 

68 

8 9 

10 11 

3-3 

3-4 

l 


14288 

9 

21-21-17 

160 

67 

9-9 

10 11 

3-3 

3-4 

1 

a 

26591 

9 

21 21-17 

155 


8-8 

10-10 

2-2 

3 3 

1 

*f 

26592 

9 

21 23-17 

160 

65 

8 9 

10 11 

3-3 

4-4 

1 

a 

104658 

9 

21-21-17 

154 

— 

8-9 

10-11 

2-3 

2-? 

1 

“ 

104659 

9 

21 21-17 

158 

— 

8-8 

10-10 

2-2 

3-3 

1 

FMNH 

1501 

9 

21-21-17 

156 

68 

8-8 

10 10 

2-2 

3-3 

2 

“ 

1096 

6 

21-21-17 

162 

79 

8-9 

10-10 

2-2 

4-4 

1 


1275a 

3 

21 23-17 

163 

78 

8-8 

9-9 

3-3 

3-4 

1 

USNM 

14254 

3 

21-21-17 

161 

- 

8-8 

10-10 

2-3 

2-3 

1 

<( 

14261 

3 

21-21-17 

162 

76 

8-? 

10- ? 

2-3 

3-3 

1 

a 

14261 

3 

19-21 17 

158 

— 

8-8 

10-10 

3- 3 

3-4 

1 

u 

14265 

3 

21-21-17 

160 

79 

8-8 

10-10 

2-2 

3-3 

1 

u 

14271 

3 

21-21-17 

164 

80 

8-? 

11 ? 

3-3 

3-4 

1 

u 

14286 

3 

19-21-17 

159 

82 

8-9 

11-11 

3-3 

3-4 

1 

u 

42874 

6 

21-21 17 

163 

— 

8-8 

10-10 

2-2 

3-4 

1 

n 

42875 

3 

21-21-17 

165 

— 

7-8 

10-10 

2-2 

3-3 

1 

(« 

46368 

3 

21-21-17 

174 

76 

8-8 

10-10 

2-3 

3-3 

1 

a 

46369 

3 

21-21-17 

177 

78 

8-9 

9-10 

2-3 

3-4 

1 


95607 

3 

21-21-17 

166 

77 

8-8 

10-10 

2-3 

3-3 

1 

u 

104660 

3 

21-21-17 

159 

— 

8-8 

10-11 

2-2 

3-3 

1 

u 

104661 

3 

21-21-17 

162 

76 

8-8 

9-10 

2-4 

2-4 

1 

FMNH 

1502 

3 

21-21-17 

165 

— 

8-8 

10-11 

2t2 

3-3 

1 

USNM 

21055 

3 

21-21-17 

164 

79 

8-8 

10-10 

2-2 

3-3 

1 
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Key to Mainland Mexican and Central 
American Thamnophis . 

1. Lateral stripe involving third and fourth 

scale rows on anterior part of body... 2 
Lateral stripe not involving fourth row, 
indistinct, absent, or involving only the 
second or third row or both.5 

2. Scale rows 21 at middle or on anterior 

third of body; anterior edges of ventrals 

black.3 

Scale rows 19, maximum (except immedi¬ 
ately behind head).4 

3. Caudals 78 or less in males, 68 or less in 

females . . . macrostcmma macrostemma 
Caudals 79 or more in males, 69 or more 
in females. macrostemma megalops 

4. Caudals 93 to 104, ventrals 155 to 169, 

totals 255 to 262 in females; 102 to 109, 
158 to 172, and 260 to 277, respectively, 

in males. saaritus proximus 

Caudals 83 to 96, ventrals 142 to 159, 
totals 229 to 254 in females; 92 to 99, 
149 to 158, 245 to 256, respectively, in 
males . sauritns chalceus 

5. Scale rows 21 or more on anterior third 

of body.6 

Scale rows less than 21.10 

6. Preoculars two or more; usually one labial 

entering orbit. rufipuvctatus 

Preocular single; usually two labials en¬ 
tering orbit .7 

7. Usually anterior edges of ventrals black, 

and the entire belly clouded, but never a 
longitudinal dark line or entire belly 
black; chin and sometimes subcaudal 
surface cream, sharply differentiated 

from dark belly color.3 

Not so; belly unmarked or with a longi¬ 
tudinal dark line, or nearly entirely 
black, or with scattered dark spots; chin 
and subcaudal surfaces not sharply dif¬ 
ferentiated from dark color of belly... 8 

8. Belly almost completely black (or perhaps 

a midventral black stripe) ; lateral light 
stripe not restricted to third row an¬ 
teriorly . anguslirostris 

Belly not with a median, more or less ex¬ 
tensive black stripe; lateral stripe, when 
evident, restricted to third row anteri¬ 
orly .9 

9. Vertebral light stripe one and two half 

scale rows wide, at least at base of 

tail . marcianus 

Vertebral light stripe one scale row wide, 
or nearly indistinguishable, even at base 
of tail . ruthveni 

10. Preoculars two or more, rarely one; belly 

usually with a continuous, longitudinal 
black area on center; scale rows 19 on 

anterior third of body.11 

Preoculars single; belly not with a con¬ 
tinuous black area (or if so, scale rows 
no more than 17).12 

11. Black on belly and tail very extensive, 

covering nearly all of ventral surface; 
vertebral and lateral light stripes evi¬ 
dent in all except large specimens; sec¬ 
ond labial generally (81%) in contact 
with rostral; postoculars usually (75%) 
3-3 or more; caudals usually 64 or less 
(84%) in males, 54 or less (73%) in 
females ... .melanogaster melonogaster 
Black on belly and tail entirely absent or 


restricted to a midventral line or a few 
scattered spots; rarely light lines evi¬ 
dent, never the middorsal; second labial 
usually not (78%) in contact with ros¬ 
tral; postoculars usually (72%) 2-2 or 
2-3; caudals usually over 64 (69%) in 
males, 55 (84%>) in females 

melanogaster canescens 

12. Maximum dorsal scale rows 17, and no 

evidence whatever of a middorsal stripe 
on any part of body... chrysocephalus 
Dorsal scale rows more than 17, or if only 
17, a vertebral light stripe present or 
indicated on some part of body.13 

13. A moderately dark area in middle of each 

parietal, sometimes fused with nuchal 
blotches, darker than most of the re¬ 
mainder of the dorsal surface of head 

(light) .14 

No distinct dark mark on center of pari¬ 
etal ; head nearly uniform light or dark 
above .15 

14. Large spots present on body, usually a 

single series extending completely across 

back . phenax phenax 

Spots on body (except on neck) poorly 
defined or absent... .phenax halophilus 

15. The spots in the two rows on each side, 

between the vertebral and lateral stripes, 
fused together over most of body (not 

just on neck.17 

The spots in the two rows on each side, be¬ 
tween the vertebral and lateral stripes, 
not fused together except on neck; spots 
disappearing posteriorly or not.16 

16. Scale rows anteriorly 17 ,? .17 

Scale row r s anteriorly 19.19 

17. Dark color of dorsal surface of head and 

nape with a clearly defined, dark-edged 
indentation a little posterior to angle of 
mouth, extending anterodorsally toward 
midoccipital region; scale rows usually 
19 on some part of body; spots usually 

distinct on most of body.18 

Dark color of dorsal surface of head and 
nape lacking any clearly defined, dark- 
edged light indentation behind angle of 
mouth; scale rows seldom over 17 on 
any part of body; no spots distinct on 
body posterior to nape, dorsum nearly 
uniform blown. scalar is godmani 

18. Scale rows posteriorly usually 17 (94%); 

anterior scale rows usually 19 (88%) 

scalaris scaliger 
Posterior scale rows usually less than 17 
(70%) ; anterior scale rows usually less 
than 19 (93%). scalaris scalaris 

19. Spots in upper row of the two series be¬ 

tween vertebral and lateral light lines 
fused together and usually with the 
spots in the outer row, the latter spots 
remaining distinct from each other; 
ground color red between spots of outer 
row (above lateral stripe) ; middorsal 
stripe well-defined.... sirtalis parietalis 
Spots not fused in such a manner, al¬ 
though sometimes poorly defined or cor¬ 
responding spots of the two rows fused 
together; ground color not red; mid¬ 
dorsal stripe distinct or not.20 

Some care must be used to determine whether the 

scale rows are reduced to 17 at any point on the anterior 

part of body. 
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20. Middorsal stripe with continuous, straight 

edges, covering one and two half scale 
rows; rounded dark spots on anterior 
edges of ventrals on sides of at least 
part of belly; ventrals seldom over 157, 

caudals seldom over 76.21 

Middorsal stripe usually covering only the 
vertebral row, or indistinct, or absent; 
if broader, not straight edged and ven¬ 
trals and caudals more numerous; belly 
not spotted .22 

21. Supralabials strongly barred; head dark 

above, the color fused with that of nape; 
ventrals 136 to 140 

8u mich rasti praeocula ris 
Supralabials not or weakly barred; head 
light above, its color sharply differenti¬ 
ated from that of nape; ventrals 144 to 
167. sunnehrasti cerebrosus 

22. No median light stripe on any part of 

body, its place occupied by a median 

series of dark spots.27 

A median light stripe at least anteriorly; 
no median series of dark spots.23 

23. A very distinct median light stripe 

throughout length of body; and dark 
spots present on the scales below the 


lateral light line at least anteriorly, 
visible without spreading the scales; 

ventrals seldom less than 149.24 

Median light stripe indistinct or absent 
posteriorly; or, if distinct posteriorly, no 
dark spots on the scales below the lateral 
light line .25 

24. Ventrals 167 or more in males, 163 or more 

in females. eques cyrtopsis 

Ventrals 166 or less in males, 162 or less 
in females. eques eques 

25. Ventrals 155 to 166... .ordinoides errans 

Ventrals fewer, 136 to 153.26 

26. Median light stripe scarcely distinguish¬ 

able on any part of body, and nowhere 
more than one scale row wide 

eques postremus 
Median light stripe covering one and one 
half to three scale rows anteriorly, but 
disappearing completely on posterior 
part of body. sumichrasti fulvus 

27. Ventrals 139 to 157 in males, in females 

139 to 147; caudals 58 to 72 

sumichrasti sumichrasti 
Ventrals 155 to 162 in males, 149 to 156 
in females; caudals 78 to 89... .vicinus 
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18 . 

Membracidae (Homoptera) from British Guiana . 1 

W. D. Funkhouser 

University of Kentucky . 


[This is one of a series of papers dealing 
with the collections made at Kartabo, Brit¬ 
ish Guiana, at the Field Station of the De¬ 
partment of Tropical Research of the New 
York Zoological Society, under the direction 
of Dr. William Beebe. During the eight 
years of the maintenance of the station, ex¬ 
tensive collections and ecological studies 
were made within an area of jungle one- 
quarter of a mile square, which may be 
called the Guiana Jungle-zone. For details 
concerning this area of intensive study, see 
Zoologica, Vol. VI, No. 1, 1925. 

Miss Maud D. Haviland reported on the 
first collection of Membracidae from Kartabo 
in Zoologica , Vol. VI, No. 3, 1925. The pres¬ 
ent paper is the result of Dr. W. I). Funk- 
houser’s study of a second collection. 1 

Introduction. 

Through the courtesy of Dr. William 
Beebe, the writer has had the privilege of 
examining a very interesting lot of Mem¬ 
bracidae collected chiefly in British Guiana. 
In fact, Dr. Beebe states that practically all 
of the specimens were taken within a quar¬ 
ter of a square mile of jungle at Kartabo. 
This small area must certainly have a rich 
insect fauna since it has yielded nearly fifty 
different species of one small family. 

The collection is particularly valuable, 
however, in its contribution to our knowl¬ 
edge of the geographical distribution of the 
Membracidae since a very large number of 
the listed species represent new locality rec¬ 
ords. Included in the collection are two spe¬ 
cies taken at Guanoco, Venezuela, and one 
in Trinidad. 

The species represented in the collection 
are here reported as follows: 

1. Membracis fusca DeGeer. 

DeGeer, Ins., Vol. Ill: p. 208, No. 10, Tab. 

32, fig. 14. (1773). 

Eight specimens from Kartabo and six 
from Bartica. A large foliaceous bizarre 
form, originally described from Peru but is 

1 Contribution No. 637, Department of Tropical Re¬ 
search, New York Zoological Society. 


common throughout South America. It has 
been previously reported from Kartabo by 
Miss Maud Haviland (Mrs. H. H. Brindley) 
in 1925. 

2. Membracis foliata Linn, var. c-album 

Fairm, 

Linnaeus, Syst. Nat., Vol. II: p. 705, No. 2. 

(1767). 

Fairmaire, Revue Memb. f p. 244, No. 4. 

(1846). 

Ten specimens from Kartabo. Another of 
the well known foliaceous forms with a wide 
distribution in South and Central America, 
its known range extending from Brazil 
across the northern part of South America 
and through Central America to Mexico. 
Fairmaire described the variety c-album 
from British Guiana. 

3. Membracis provittata Buckt. 

Buckton, Mon. Memb., p. 42, PI. 3, figs. 6, 

6a. (1903). 

Twenty-two specimens from Kartabo and 
one from Bartica. This species has been con¬ 
sidered a synonym of tcctigera but is now 
known to be distinct. Buckton described it 
from Surinam and we have a long series in 
our collection from British Guiana. These 
are the only known localities, for the species 
is apparently rare and is seldom seen in 
collections. 

4. Membracis fasciata Fabr. 

Fabrieius, Syst. Ent., Vol. II: p. 2092, No. 

54. (1767). 

One specimen from Kartabo. A striking 
species very common in Brazil and with a 
rather confused taxonomic history since it 
has been redescribed under a large number 
of synonyms. Miss Haviland reported it 
from British Guiana in 1925. 

5. Membracis arcuaia DeGeer. 

DeGeer, Ins., Vol. Ill: p. 206, No. 9, Tab. 

32, fig. 10. (1773). 

One specimen from Kartabo. Common 
throughout South and Central America and 
previously reported from British Guiana by 
Miss Haviland. 
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6. Enchenopa lanceolata Stoll. 

Stoll, Cic., Tab. 27, fig. 166. (1780). 

Four specimens from Kartabo and ten 
from Bartica. One of the commonest of the 
neotropical membracids. Reported from all 
of the northern countries of South America 
and across Panama into Central America. 
Previously reported from British Guiana by 
Miss Haviland. 

7. Enchenopa serratipes Buckt. 

Buckton, Mon. Memb., p. 49, PL 5, fig. 9. 

(1903). 

Two specimens from Kartabo. This spe¬ 
cies has often been confused with E . aIbi- 
dorsa Fairm., but is distinct. E. albidorsa 
is abundant throughout South America but 
we have undoubted records of serratipes 
only from Brazil, British Guiana and Colom¬ 
bia. Miss Haviland reported this species as 
albidorsa from Kartabo. 

8. Campylenchia hastata Fabr. 

Fabricius, Mant. Ins., Vol. II: p. 263, No. 

9. ( 1787). 

Two specimens from Kartabo. A widely 
distributed species, showing some variation 
in size and color in different regions but 
found in one phase or another in most parts 
of South America, Central America and 
Mexico. One of the common forms of this 
species was described as nutans and was so 
reported from British Guiana by Miss 
Haviland. 

9. Leioscyta rufidorsa Godg. 

Goding, Jours. N. Y. Evt . Soc., Vol. 

XXXVI: p. 37. (1928). 

Two species from Kartabo. Goding de¬ 
scribed this species from Ecuador and it has 
not been reported in the literature from any 
other country but we have specimens in our 
collection from Peru, Colombia and Brazil. 
This is the first record from Brtiish Guiana. 

10. Erechtia punctipes Buckt. 

Buckton, Mon. Memb., p. 53, PI. 7, figs. 

5-5b. (1903). 

One specimen from Kartabo. This is ap¬ 
parently a very rare insect and is seldom 
seen in collections. Buckton gave only 
“South America” as the locality and it was 
a long time before it was finally recognized. 
Finally Goding identified it from Brazil and 
the writer secured a good series from Peru. 
This British Guiana specimen gives us a 
new locality record. 

11. Erechtia brnnneidorsata Funkh. 

Funkhouser, Can. Ent ., Vol. XLVI: p. 357, 

PL 24, fig. 1. (1914). 

Three specimens from Kartabo; one from 
Bartica. Previously known only from Peru 
but the British Guiana specimens agree en¬ 
tirely with the type material. A new locality 
record. 


12. Pterygia uropigii Buckt. 

Buckton, Mon. Memb., p. 72, PL 12, fig. 3. 

(1903). 

One specimen from Kartabo. A bizarre 
form described from Brazil and reported 
from British Guiana by Miss Haviland in 
1925. The writer has a few specimens from 
Peru. These are the only locality records 
known. 

13. Pterygia cerviceps Fowl. 

Fowler, B. C. A., p. 24, No. 3, Tab. 2, figs. 

12, 12a. (1894). 

Two specimens from Kartabo. The center 
of distribution of this species is certainly 
Central America whore it is quite common 
but we have seen specimens from Colombia 
and from Venezuela so it apparently ranges 
down into South America. This is the first 
record from British Guiana. 

14. Urnbonia spinosa Fabr. 

Fabricius, Syst. Ent., p. 675, No. 4. (1775). 

Eighteen specimens from Kartabo. One 
of the largest, commonest, most widely dis¬ 
tributed and most easily recognized of the 
neotropical Membraeidae. Reported from al¬ 
most every country in South America and 
Central America. Previously reported from 
Kartabo by Miss Haviland. 

15. Acouophora niargmata Walk. 

Walker, List. Horn. B. M., p. 540, No. 16. 

(1851). 

Eleven specimens from Kartabo. This 
species is common in Mexico and Central 
America and has been reported from Pan¬ 
ama, Brazil, Ecuador, Peru and Bolivia but 
this is the first record from British Guiana. 

16. Aconophora patience ns Stal. 

Stal, Hem. Fabr., Vol. II: p. 35, No. 12. 

(1869). 

Two specimens from Kartabo. Another 
widely distributed species, closely related to 
the preceding, and reported from the same 
general regions but never before recorded 
from British Guiana. 

17. Aconophora fusiformis Fowl. 

Fowler, B. C. A., p. 69, No. 19. Tab. 5, 

figs. 18, 18a, 19. (1895). 

One specimen from Kartabo. This is an¬ 
other Central American form which is only 
rarely reported from South America. The 
writer has material from Brazil and Bolivia 
but the Kartabo specimen gives us the first 
record from British Guiana. 

18. Aconophora project a Funkh. 

Funkhouser, Journ . N. Y. Ent . Soc. t Vol. 

XXV: No. 2, p. 160. (1927). 

One specimen from Kartabo. Since this 
species has been recorded from Ecuador, 
Bolivia, Colombia and Brazil, it would be ex¬ 
pected to occur in British Guiana but has 
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not been previously reported from that 
country. Another new locality record. 

19. Darnis partita Walk. 

Walker, Ins. Saund., p. 75. (1858). 

Five specimens from Kartabo and one 
from Bartica. When Miss Haviland reported 
this species from Kartabo in 1925 it was 
the first record from South America but 
since then we have secured specimens from 
Peru, Ecuador, Panama, Canal Zone and 
Colombia. It would therefore seem that its 
range extends along the northern coast of 
South America. 

20. Darnis latior Fowl. 

Fowler, B. C. A., p. 52, No. 2, Tab. 4, figs. 
16, 10a. (1894). 

One specimen from Kartabo. This is an¬ 
other new locality record but the species 
has been found in Peru, Ecuador and Colom¬ 
bia so its distribution is probably about the 
same as that of partita . 

21. Stictopclta fraterva Butler. 

Butler, Ci*t. Ent., Vol. II: p. 840, No. 9. 
(1878). 

One specimen from Kartabo and one from 
West Bank. Again a new locality record. It 
was described from Peru and both Coding 
and Fowler reported it from Mexico. We 
have specimens in our collection from Co¬ 
lombia and Bolivia. These localities with this 
British Guiana record represent its present 
known distribution. 

22. Nassun ia binotata Fairm. 

Fairmaire, Rente Mr mb., p. 291, No. 2. 

(184(3). 

Three specimens from Kartabo. A very 
rare species, almost never seen in collec¬ 
tions and previously knowrn only from 
Brazil. A new T locality record. 

23. Hetn onotus tridcvs Burm. 

Burmeister, Rev. Stlb. f Vol. I: p. 229. 
(lS.Tl). 

Seven specimens from Kartabo. The larg¬ 
est species of its genus, very grotesque in 
appearance, strikingly marked and very well 
knowrn. Common in northern South America 
but this is the first time it has been re¬ 
ported from British Guiana. Another new 
locality record. 

24. Heteronotus spimmis Lap. 

Laporte, Ann. Soc. Ent. France t Vol. I: 
p. 96, PI. 3, fig. 7. (1832). 

Four specimens from Kartabo. Closely 
related to the preceding and showing consid¬ 
erable variation so that it has been de¬ 
scribed under several synonyms. Its distri¬ 
bution seems to be about the same as that of 
H. tridens of which it may be merely a 
variety. Miss Haviland reported it from 
British Guiana under the name Heniconotus 
armatvs. 


25. Cymbomorpha dorsata Fairm. 

Fairmaire, Rev. Memb. f p. 293, No. 6. 

(1846). 

One specimen from Kartabo and one from 
Guanoco, Venezuela. Both the British Gui¬ 
ana and the Venezuela records are new. It 
has previously been reported only from 
Brazil, Peru and Costa Rica. 

26. Horiola picta Coq. 

Coquebert, III. Ic„ p. 78, Tab. 18, fig. 10. 

(1801). 

One specimen from Trinidad. The com¬ 
monest species of its genus, found in most 
parts of South America, Central America 
and the West Indies but not previously re¬ 
corded in the literature from Trinidad so 
that this also is a new locality record. 

27. Horiola lineolata Fairm. 

Fairmaire, Rev . Memb ., p. 492, No. 2. 

(1846). 

Three specimens from Kartabo. Closely 
related to the preceding species and with 
about the same range. It is commonly found 
in Brazil and Colombia but has not been 
previously reported from British Guiana. 

28. Cercsa sallai Stal. 

Stal, Hem. Mex .. p. 70, No. 421. (1864). 

A good series of thirty-one specimens 
from Kartabo. This species w T as described 
from Mexico where it is abundant and it is 
common in Central America. It is reported 
only rarely from South America, the only 
known records being from Brazil and Bo¬ 
livia. This is the first record from British 
Guiana. 

29. Ceicsa Vilnius minor Fowl. 

Fowler, B. C. A., p. 103. *1894;. 

Five specimens from Kartabo. This is the 
small variety of C. vitulus Fabr. w'hich 
seems to occur with vitulus wherever vitulus 
is found. C. vitulus was reported from Brit¬ 
ish Guiana by Miss Haviland but this is the 
first record of the variety from that coun¬ 
try. It is found throughout South America. 

30. Micrufalis pallevs Fowl. 

Fowler, B. C. A., p. 118, No. 4. (1895). 

One specimen from Kartabo. This is a 
common species in Mexico and Central 
America but has not been reported in the 
literature of the family from South Amer¬ 
ica. However we have two specimens in our 
collection from Venezuela so it is not sur¬ 
prising to see it from British Guiana. This 
is a new record from British Guiana and the 
first published record from South America. 

31. Boethoos reticulata Fabr. 

Fabricius, Syst. Rhyng., p. 29. (1803). 

Two specimens from Kartabo. Apparently 
abundant in Brazil, Colombia and Vene¬ 
zuela and previously reported from British 
Guiana by Miss Haviland. 
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32. Vanduzea trigut fata Burm. 

Burmeister, Rev . Silb., Vol. IV: p. 183, 
No. 4. (1836). 

Two specimens from Kartabo. The domi¬ 
nant species of its genus in southwestern 
United States, Mexico and Central America. 
The South American forms which are found 
in Colombia and Venezuela are slightly dif¬ 
ferent in minor respects from the northern 
ones but we believe that they are all of the 
same species. This is the first record from 
British Guiana. 

33. Stylocentrus ancora Perty. 

Perty, Del. Anim ., p. 179, PI. 35, fig. 15. 
(1834). 

One specimen from Kartabo. Very abun¬ 
dant in Brazil and recorded from Ecuador, 
Colombia and Venezuela. This is the first 
record from British Guiana. 

34. Cyphonia clavata Fabr. 

Fabrieius, Mant. Ins., Vol. II: p. 264, No. 
17. (1878). 

Eight specimens from Kartabo and one 
from West Bank. One of the commonest 
membracids in South America and found in 
all of the northern and central areas of that 
continent. Reported from British Guiana by 
Miss Haviland in 1925. 

35. Cyphonia proximo Guer. 

Guerin, Ic. Reg. Amm. Ins., p. 365, Tab. 59, 
fig. 3. (1838). 

Two specimens from Kartabo. A less 
abundant species than the preceding but 
with a range extending from Mexico 
through Central America and Panama to 
northern South America. This, however, is 
the first record from British Guiana. 

36. Antianthe expausa Germ. 

Germar, Rev, Silb,, Vol. Ill: p. 245, No. 1. 
(1835). 

Three specimens from Guanoco, Vene¬ 
zuela. One of the best known and most 
widely distributed of the American Mem- 
bracidae. It has been reported from prac¬ 
tically every country in South and Central 
America and extends northward into Flor¬ 
ida, California and Arizona. 

37. Amastris antica Germ. 

Germar, Mag, Ent ., Vol. IV: p. 16. (1821). 
Two specimens from Kartabo. A very 
rare species previously known only from 
Brazil and Peru. It is quite distinct from 
all other species of the genus and is easily 
recognized. A new locality record. 

38. Amastris obtegens Fabr. 

Fabrieius, Syst. Rhyng., Vol. II: p. 25. 
(1803). 

Seven specimens from Kartabo. The best 
known and probably the most abundant of 
the species of the genus but not previously 


reported from British Guiana. The speci¬ 
mens most often seen in collections are from 
Brazil, Colombia, Ecuador and Peru. A new 
locality record. 

39. Amastris compacta Walk. 

Walker, List Horn. B. M. Suppl., p. 140. 
(1858). 

Two specimens on one pin from Kartabo. 
A well known and rather widely distributed 
species, fairly common in Brazil, Peru, 
Ecuador and Colombia but this is the first 
record from British Guiana. 

40. Amastris minuta Funkh. 

Funkhouser, Journ . N, Y. Ent, Soc ., Vol. 

XXX: No. 1, p. 30, fig. 6. (1922). 

One specimen from Kartabo. This species 
has never been mentioned in the literature 
of the family since its original description 
and so far as we know this is the second 
specimen ever to be found since the type was 
a single specimen from Peru. Of course this 
is a new locality record. 

41. Hille exaltata Walk. 

Walker, List Horn. B. M. Suppl., p. 140. 
(1858). 

Two specimens from Kartabo. This spe¬ 
cies has been reported in the literature only 
from Brazil but we have specimens in our 
collection from Peru and Colombia. This is 
the first record from British Guiana. 

42. Hille hcrbicola Hav. 

Haviland, Zoologica , Vol. VI: No. 3, p. 255, 
PI. 4, figs. 1, la. (1925). 

Three specimens from Kartabo. This spe¬ 
cies was described from Kartabo and has 
never been reported from any other locality. 

43. Tyrnha hirsuta Funkh. 

Funkhouscu*, Journ, N. Y. Ent. Soc., Vol. 

XXX: No. 1, p. 25, PI. 3, fig. 1. (1922). 
One specimen from Kartabo. Described 
from Peru and we have seen material from 
Nicaragua. This is the first record from 
British Guiana. 

44. Rhexia pallescens Fabr. 

Fabrieius, Syst. Rhyng., Vol. II: p. 28, No. 
8. (1803). 

One specimen from Kartabo. A species 
which has been described under a number of 
different specific names in at least five differ¬ 
ent genera. It is quite common throughout 
northern South America and shows consid¬ 
erable variation in color. It seems to be most 
abundant in Brazil, Surinam, Colombia and 
Ecuador. This is a new record from British 
Guiana. 

45. Stegaspis insignis Buckt. 

Buckton, Mon. Memb., p. 59, figs. 6, 6a. 
(1903). 

Three specimens from Kartabo. One of 
the peculiar “dried leaf” forms which al- 
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ways attract attention and are often seen 
in collections. Most of the material which 
we have seen has been from Brazil, Peru, 
Ecuador and Colombia. This is the first rec¬ 
ord for British Guiana. 

46. Stegaspis laevipennis Fairm. 

Fairmaire, Rev. Memb ., p. 527, No. 14. 
<1846). 

Four specimens from Kartabo. Another 
of the brown, foliaceous species of this 
genus with about the same distribution as 
the preceding. It was reported from British 
Guiana by Miss Haviland in 1925. 

47. Lycodcrcs hippocampus Fabr. 

Fabricius, Syst. Rhyng., p. 20, No. 22. 
(1803). 

One specimen from Kartabo. Apparently 
a very rare species. It was reported from 
British Guiana in 1925 by Miss Haviland 
but was known previously only from Brazil 


and has never been recorded from any other 
countries. 

48. Bocydium globulare Fabr. 

Fabricius, Syst. Rhyng., p. 16, No. 3. 

(1803). 

Two specimens from Kartabo. A species 
often figured to illustrate a most bizarre 
type of pronotal development, especially be¬ 
cause of the globules on the bar above the 
head. However it is not common. It was de¬ 
scribed from Brazil and we have specimens 
from Peru. It has not been previously re¬ 
corded from British Guiana. 

49. Tolania opponent Walk. 

Walker, List Horn. B. M. Suppl., p. 159. 

(1858). 

Three specimens from Guanoco, Vene¬ 
zuela. One of the few membracids which 
completely lack a posterior process. Very 
abundant throughout South America, Cen¬ 
tral America and Mexico. 
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19 . 

A Consideration of Evolutionary Hypotheses in Reference 

to the Origin of Life. 

C. M. Breder, Jr. 

New York Zoological Society 

(Text-figure 1). 


Introduction. 

The living organisms of today are thought 
by most biologists to have evolved from 
more or less dissimilar ancestors. In fact, 
since the time of Charles Darwin biologists 
have addressed themselves, in the main, to 
establishing evidence to support or demolish 
various propositions concerning the mode of 
evolution, as set up by him or others who 
followed him to a greater or lesser extent. 
It seems not to have occurred to many such 
students that the importance to be attached 
to interpretations of the results of their 
studies must vary with our ideas concerning 
the origin of life. Since we are in no position 
to make any postulates, it may be useful to 
consider the various ideas that have arisen 
from time to time in reference to their bear¬ 
ing on the acceptability of any particular 
evolutionary hypothesis. 

We may go along with Lotka (1925) in 
his policy of resignation concerning a defi¬ 
nition of life without in any way encounter¬ 
ing difficulty in an attempt to discuss the 
possibilities of origin. Many of the attempts 
to explain the origin of life have come from 
non-scientific groups and most of these may 
be dismissed with a few words. All are in¬ 
cluded in this discussion since their many 
interlocking ideas make it essential at least 
to mention each one. 

The author is grateful to Dr. Richard T. 
Cox of New York University for checking 
the physical parts of the discussion, to Prof. 
Albert E. Parr of the American Museum of 
Natural History, for helpful criticism, to 
Dr. G. E. Hutchinson of Yale University, 
for valuable suggestions, and to Mr. J. W. 
Atz for editorial assistance. 

Concepts of the Origin of Life. 

Although superficially numerous, see 
Woodruff (1936), all the ideas that have 
been put forth concerning the possible 
origin of life are reducible to two basic pat¬ 
terns. These may be discussed separately 


for the purpose of considering their tenable 
contents in reference to the adequate inter¬ 
pretation of evolutionary experiments and 
arguments. 

1, Planted life forms. The idea that life 
may have been planted on the earth from 
some exterior source has always been at¬ 
tractive, but today it seems less reasonable 
than ever before. The idea divides into two 
parts. 

a. Normal cosmic behavior. One idea has 
been that simple, very resistant particles 
drifting through space from other planets 
or similar bodies may revive to an active life 
when happening to land on a body of suitable 
environment. Arrhenius (1908, 1911) by in¬ 
genious reasoning even went so far as to 
suggest that thermophilic bacteria rained on 
the earth from possibly Venus, being im¬ 
pelled by the radiant energy of the Sun. 
This is mentioned in this connection merely 
to indicate that such possibilities have been 
given consideration by thoroughly serious 
persons. Certainly modern experiments on 
the effects of low pressure and temperatures 
have shown nothing tending to make this an 
impossibility as has been indicated, for in¬ 
stance, by Goertz (1928). Venus itself as a 
source of living substance would seem un¬ 
likely on the basis of the view of Wildt 
(1940) who argues for a negligible amount 
of water and an atmosphere of formalde¬ 
hyde. See also Jeans (1942). Such a condi¬ 
tion would not seem likely as a life source, 
in spite of the fact that certain molds and 
dipterous larvae appear to thrive on rela¬ 
tively low concentrations of formaldehyde 
in aqueous solution. Since Venus evidently 
rotates, although its speed has not been de¬ 
termined, it would appear that its nearness 
to the Sun, surface temperatures as high as 
60 °C having been recorded, would also 
stand in the way of the continued existence 
of protoplasm at any place on its surface. 
The effects of unfiltered solar or other radi- 
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ation in apace, moreover, may represent a 
very real hazard. Oparin (1938) on this 
basis presents a very convincing argument 
against the possibility of survival under 
such radiation. 

In effect, this idea would have inter¬ 
stellar space occupied by viable motes pass¬ 
ing from place to place, along with the mat¬ 
ter and radiations already known to be 
there. Such a condition would provide for a 
polyphyletic origin of terrestrial life, if evo¬ 
lutionary capabilities be ascribed to such 
organisms. Lipman (1932) thought he had 
succeeded in reviving bacteria from the in¬ 
terior of stony meteorites. Oparin (1938) 
dismisses this study by expression of the 
belief that contamination was responsible. 
Actually, while such may have been the case, 
Oparin gives no foundation for so assum¬ 
ing, other than his well-reasoned argument 
against organisms surviving the radiations 
of interstellar space. He wrote, “The or¬ 
ganisms which he [LipmanI succeeded in iso¬ 
lating were identical with the bacterial 
forms existing on the Earth. This makes it 
very probable that, in spite of all his pre¬ 
cautions, Lipman did not succeed in pre¬ 
venting earth bacteria from contaminating 
the meteorites while they were ground to 
a powder. Even in different regions of our 
planet there are different forms of micro¬ 
organisms, and it would be extremely 
strange if exactly the same bacterial forms 
found on the Earth were present also on 
some remote planets.” Exception is taken to 
this last remark, for if Lipman is right, 
such results, on the contrary, are exactly 
what one should expect. Since meteorites are 
continually falling to earth, one then should 
also expect a continual seeding of forms 
capable of surviving such transit. These 
then would be expected to be common on the 
Earth in proportion to its ability to support 
them in active life. This, indeed, also might 
well lead to a spotty distribution dependent 
on their needs. Beutner (1938b) also re¬ 
jects such a possibility but submits no fur¬ 
ther closely reasoned arguments. Jones 
(1940) treats the subject in a similar 
fashion. 

b. Special events. The planting of or¬ 
ganisms on earth, on the other hand, may 
be thought of as a special event, more 
or less unique in cosmic history. Any¬ 
thing that could be conjured up to induce 
such an event would be classified here. The 
creation of life by decree would come here 
and would be practically the equivalent of 
the planting of a culture by some space¬ 
traveling, superior animal. Space travel is 
one of th$ most recent serious aspirations 
of man and as yet is seriously handicapped, 
to say the least, on technological grounds 
If extra-terrestrial beings have developed 
such an art, we certainly have no evidence 
of it, but the fact that there have been no 


visits to earth establishes nothing. It might 
even be imagined that life on earth is the 
remnant of some ill-fated expedition from 
another body from which only food animals 
survived. The possibilities ol this sort are 
limited only by one's imagination and have 
been well covered by the writers of scien¬ 
tific fiction, and need not longer detain us 
here. 

Other special events in the nature of a 
cosmic accident happening but once could 
make a single planting. Such an accident 
would provide for a monophyletic origin or 
a polyphyletic one to the extent of the va¬ 
riety of organisms in this single seeding. 
One thinks of the cluster of asteroides be¬ 
tween Mars and Jupiter that supposedly 
represents a disrupted planet of consider¬ 
able size. Its disintegration must have scat¬ 
tered material far and wide. 

Fantastic as these notions may sound, 
there is but one other basic pattern of 
source that has been suggested which, as 
will be seen later, also has its fantastic side 
The idea that living entities were created by 
fiat is a widespread one among theologists' 
mysticisms, which, with minor variations, 
is the common property of many theologies. 
Such ideas could belong in the category of 
special events, if not mere figments of wish¬ 
ful thinking. 

2. Spontaneous (/dictation. The long- 
discredited belief in spontaneous genera¬ 
tion, experimentally unsupported, is ne\er- 
theless the idea which most scientific men 
seem to think best accounts for the origin 
of life. By the simple expedient of pushing 
the event far enough back into geologic time 
to prevent any kind of experimental ap¬ 
proach and postulating an unknown but 
suitable environment, many seem to have 
eased their minds. This interpretation of 
life origin likewise divides into two parts 
parallel to those of item number one 

a. Chemical evolution . Given a sphere 
such as the Earth, chemists, physicists, as¬ 
tronomers and geologists have shown that a 
chain of events must follow due to the inter¬ 
action of forces involved. Radioactive degra¬ 
dation, the salt concentration of the ocean, 
and so on, come to mind, which it is un¬ 
necessary to discuss at length here. See, for 
example, Clarke (1924), Fairchild (1938) 
and Jones (1940). The point of this is that 
chemical evolution proceeds systematically 
according to the second law of thermody¬ 
namics and is very definitely identifiable as 
a kind of inorganic orthogenesis. Thus we 
have a world stage in which the inorganic 
props and scenery are changing by an ortho- 
genetic or “built in” process. Oparin < 1938) 
devotes nearly an entire book to visualizing 
how such chemical changes took place. He 
gives by far the most careful analysis and 
the most plausible picture of a cooling 
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Earth. Whether all his details are sound and 
whether events lead automatically to living 
entities or not, it is hard to deny the basic 
soundness of his chemical evolution. Beut- 
ner (1938) arrives at a very similar conclu¬ 
sion, differing chiefly in the order of chemi¬ 
cal events but lacking the close reasoning of 
Oparin. Riddle (1939) sketches his similar 
views with extreme brevity. Jones (1940) 
gives a presentation of the theoretical and 
observational data of astronomy, indicating 
what is known and fairly inferential of the 
conditions on other planets in reference to 
the basic needs of life. 

If the idea is valid that in this process 
there automatically comes a time and a con¬ 
catenation of events which grade from the 
strictly inorganic to the organic and the 
sentient, then we have life beginning as of 
necessity as a part of a general “ortho¬ 
genesis.” As such an event would hardly oc¬ 
cur simultaneously throughout the world, 
presumably there would be started various 
orthogenetic series, the first advanced in de¬ 
velopment as compared with the later. This 
should go on until the period of its possi¬ 
bility is passed by the general orthogenesis 
of the whole system, repetition becoming 
impossible when the stage is sufficiently 
changed. This point would be passed pre¬ 
sumably when there were no longer any 
large sterile areas. Oparin believes that 
early sterility is absolutdy essential for a 
lift' origin of this sort. The pre-living or¬ 
ganic components would simply be broken 
down on earth today, long before they 
reached anywhere near the living state, by 
the activities of living beings, according to 
his views. 

Lichtig (1938), on the other hand, disre¬ 
gards this point and supposes the transition 
from lifeless to living matter to be taking 
place more or less continuously, indicating 
a widespread polyphylogenesis. 

Herrera (1942) proposes an interesting 
and startling theory wffiich would derive life 
from the sublimation of volcanic emana¬ 
tions, after years of close study of the life- 
resembling behavior and physical appear¬ 
ances of a tremendous number of chemical 
substances. As he indicates, this, too, w r ould 
imply a continual synthesis of life, unless 
some peculiar but necessary factor was pres¬ 
ent but once in the Earth's history. 

b. Rare accident. If, on the other hand, 
we do not consider the origin of life as defi¬ 
nitely part of the general increasing en¬ 
tropy, then we may consider it as an “acci¬ 
dental” event repeatable as often as the 
needful circumstances repeat. This, of 
course, is pure, spontaneous generation in 
the simple sense, and no doubt, when re¬ 
ferred to known physical law, apparently 
leads such students as Smith (1932) to re¬ 
fer somew r hat poetically to life as “an eddy 


in the second law of thermodynamics.” See 
Pike (1939) for a recent discussion of vari¬ 
ous views on the subject. 

Both these views may lead to polyphyleti- 
cism, the first definitely orthogenetic and 
the second not necessarily so by virtue of 
questioning the full and simple operation of 
the second law in living systems. 

If, as thought by various students, the 
origin of life occurred by unique “accident” 
another element is intruded. This view 
arose and gained force by the failure of 
Pasteur et al. to produce life by simple 
means, and the large evidence that life, as 
we know it, is produced only by pre-exist¬ 
ing parents. The rare accident view is peril¬ 
ously close to the fiat creation of theologians, 
differing largely in use of words, especially 
since it is doubtful if any sect ever believed 
that the creation of human beings was an 
“accident.” 

This rare accident view should make for 
a monophyletie origin of life and leave the 
way open for any evolutionary process what¬ 
ever. Judging from the literature of evolu¬ 
tion, it w r ould seem that most workers in 
that field imply that they are interpreting 
their results on the assumption of an origin 
of this sort. Either the rare accident or the 
straight chemical evolution could lead at 
first, at least, only to an orthogenesis. 
Paired species, parallel specializations, and 
parallel mutations certainly suggest at least 
a “charge” of similar potentialities as a re¬ 
current phase in any group of sufficiently 
numerous organisms. These views are con¬ 
ditioned by whether one considers life as a 
highly probable or improbable result of the 
operation of statistical mechanics. 

3. Interaction of methods , Of these sev¬ 
eral view r s, it will seen that evolution could 
conceivably proceed by any method in all 
but one. That one, as a part of general 
chemical evolution, is definitely linked w r ith 
orthogenesis. All those items in wffiich life 
would arise by the ordinary working out of 
natural processes (la and 2a) would be ex¬ 
pected to lead to a polyphyletic condition. A 
special planting accident ^lb) could be 
either mono- or polyphyletic, while a rare 
accident of spontaneous generation (2b) 
would be monophyletie. This interaction is 
especially pertinent in the case of chemical 
evolution (2a) and natural seeding from 
outer space (la). Since sterility is perhaps 
necessary for the first, the second presum¬ 
ably could not successfully be brought into 
play. If extensive seeding did occur early 
enough, it could, on this basis, check 
chemical development of the basic organic 
compounds. 

Before proceeding to a consideration of 
some current biological ideas in reference to 
the preceding, it may be best to discuss cer¬ 
tain theoretical considerations basic to the 
establishment of life systems. 
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Non-protoplasmic Systems. 

Active life processes as we know them are 
remarkably limited in their temperature 
range. It is evident that it must be below 
the coagulating point of essential proteins 
(these may range from about 35° to 70°C), 
and above the freezing point (scarcely be¬ 
low 0°C). Many various forms are able to 
survive protracted periods far below this, 
but are in a state of suspended activity until 
the temperature is raised again. See, for ex¬ 
ample, Goertz (1938). Warm-blooded ani¬ 
mals may, of course, be active below this 
temperature of environment, but their life 
processes are going on at a higher tempera - 
ture by virtue of their very pretty trick of 
operating an internal heating plant. 

Since the chief solvent of body fluids is 
water which exists in the liquid phase only 
between 100 c and 0 ( , here are essentially 
the broad limits, 100 c never being reached 
because protein coagulates at a lower point 
and 0° being slightly passed on the down 
side because of the lowered freezing point 
of the mildly saline body fluids. 

These remarks, naturally, refer to surface 
pressures. Actually many aquatic organisms 
exist at much greater pressures, as, for ex¬ 
ample, the abyssal fish of great depths with 
pressures of tons per square inch. Here tem¬ 
peratures may be such as would cause the 
fluids to change phase at surface pressures, 
but this is merely an expression of the pres¬ 
sure-temperature relationship. Extremely 
light pressures, on the other hand, are lim¬ 
ited by the greatly lowered boiling point, re¬ 
sulting in a rapid vaporization and loss of 
fluids. Actually, in nature, active life is lim¬ 
ited in the higher atmosphere by low tem¬ 
perature and apparently by low oxygen con¬ 
tent, but considering what low concentra¬ 
tions of available CL some aquatic animals 
thrive on, this in itself might not be insur¬ 
mountable. However, unlike the combination 
of high pressure and low temperature, the 
combinations of low pressure and low tem¬ 
perature, with the resultant change of phase 
of HmO, at a fairly low level of chemical ac¬ 
tivity may be enough to check active life. 
Nevertheless, extreme conditions in this di¬ 
rection have been survived for short per¬ 
iods. Insects have been placed under the in¬ 
fluence of highly efficient vacuum pumps and 
rapidly brought to a vacuum comparable to 
that of interstellar space and lived to sur¬ 
vive an immediate return to normal surface 
conditions, Lutz (1929). Obviously this 
could only be a transient phenomena because 
the great moisture loss would quickly result 
in death. 

It is evident, however, that while terres¬ 
trial animals well cover the gamut of tem¬ 
perature range in their normal activities, 
most live much closer to their minimum 
pressure threshold than to their maximum. 


The truth of this is constantly attested by 
the pressures under which caisson workers 
survive and the relatively slight altitudes 
that force aviators to don masks or pressure 
suits. 

Anaerobic organisms are all of a small 
size and are so presumably of necessity be¬ 
cause of the low combustion rate to which 
their particularly limited metabolism is 
restricted. 

Thus, life, as we know it, is very sharply 
restricted in a number of directions; by 
temperature, the effects incident to pres¬ 
sure, and oxygen, either freely supplied or 
broken out of the substrate. After these 
comes a host of others going to make up the 
milieu necessary for the survival of any par¬ 
ticular form. All such life is concerned with 
a single though slightly variable gel-like 
compound — protoplasm, or as Beutner 
(1938) expresses it, “life, Carbon's out¬ 
standing property." The actual basic auto- 
catalytic activity, as is pointed out by Alex¬ 
ander (1939), is properly only referable to 
“. . . the simplest self duplicating units — 
chromosomes and their constituent genes, 
mitochondria and possible subceilular sym¬ 
bionts." If there is analogous activity going 
on or possible in other systems of chemical 
and physical combination, we are not cogni- 
zantofsuch. Baldwin (1937) writes in italics 
“. . . that the conditions under which cell 
life is possible are very restricted indeed 
and have not changed substantially since 
life first began." With the extensive knowl¬ 
edge of life forms now available, it would 
seem that the terrestrial existence of non- 
protoplasmic life forms is exceedingly un¬ 
likely. Henderson (1913) discusses at length 
the unique position of carbon in this regard 
and Jones (1940) makes much of the tetra- 
valence of carbon atoms. 

If we consider such matters in a broader 
way, the question naturally arises as to the 
possibility of equivalent activity in physical 
systems covering quite other ranges of tem¬ 
perature. Obviously, what we call life is 
either an unique phenomenon of a very tiny 
temperature range, oi it is not. Many doubt¬ 
less would consider it mere foolishness to 
speculate on other possibilities. However, a 
consideration of various features of it, at 
the very least, makes it possible for us to ob¬ 
tain a better understanding of the peculiari¬ 
ties of life activities in the range in which 
we know it exists. 

As a starting point, for a basic require¬ 
ment, there must be solids, liquids and 
gases present in some specific temperature 
range if the inhabitants are going to be suf¬ 
ficiently like known life forms to be called 
equivalent or analogous. Thus the higher 
one goes on the temperature scale, the fewer 
solids and liquids and the more gases there 
will be found until that point is reached 
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where only a state of highly excited ions 
exist—a state of complete incandescence. 
Descending, more and more solids are found 
and less and less liquids and gases, until 
absolute zero is reached where no chemical 
activity is possible. 

If the melting and boiling points of the 
elements are plotted, they form a regularly 
ascending series from absolute zero. If the 
phases of the elements are expressed in 
terms of percentages, a chart, as in Text-fig¬ 
ure 1, may be constructed. It will be noted 
that our life range is very close to absolute 
zero as compared with the whole scale. 
These remarks consider only the elements. 
A study of the possible compounds, which 
would be of great importance, is a task be¬ 
fore which a corps of physicists and chem¬ 
ists might well quail. However, it would ap¬ 
pear that the various compounds possible at 
the different temperature levels, because of 
the statistical nature of the known and ex¬ 
pected possible combinations of elements, 
would all go to produce curves not dissimilar 
in form to those obtained for the elements 
as shown in Text-figure 1. 

In connection with a consideration of the 


distribution of phases represented in vari¬ 
ous temperature ranges, the relative abun¬ 
dance of the separate elements enters as an 
item of considerable importance. Since oxy¬ 
gen, nitrogen and hydrogen occur on Earth 
in considerable quantities, it is possible for 
large amounts of water and an atmosphere 
comprised mostly of oxygen and nitrogen to 
be present when the suitable temperature 
range and other features have appeared. It 
would, on the other hand, be impossible to 
have an atmosphere in which large quanti¬ 
ties of krypton were present. If an organic 
system were to be based on an environment 
of some of the less abundant elements it 
would be seriously restricted. Two condi¬ 
tions can be conceived. One would be such 
that the important materials were widely 
spread but highly dilute, placing the need of 
great effort and consequent strain on any 
energy exchange system so based and in this 
manner limiting it sharply. The other would 
be that the needful materials were concen¬ 
trated at some focal point and there be rela¬ 
tively abundant. This would restrict such a 
system on a geographical or spatial basis. 
Until some hypothetical conditions at an- 



DEGREES ABSOLUTE 


Text-fig. 1. Phases of the elements at temperatures from 0° to 4200°. The tempera- 
tuies, expressed m teims of absolute degrees, are grouped in classes of 100 r each and 
the index figures lead as the higher limit. Thus 100 should be read as from 0° to 100° 
absolute. The phases are expressed in terms of percent, of the total number of elements. 
Due to certain chemical features such as sublimation and the fact that complete data 
are not available for every element, there are some minor difficulties in the construction 
of such a chart, but these in no way destroy the basic nature of the curves as shown. 
See text for an explanation of “life range” as here indicated. 
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other temperature range have been postu¬ 
lated in some detail, to which are to be fitted 
some equally hypothetical creatures, it is 
pointless to pursue the item further. The 
studies of Goldschmidt (1937) on the known 
distribution of elements in the Earth's crust 
would seem to be fundamental to any such 
consideration. See also Russell (1941). 

While it is sufficiently obvious from the 
above that the quantities of individual ele¬ 
ments present would have a limiting influ¬ 
ence on energy exchange systems of various 
hypothetical kinds, there could be conceived 
very definite mechanisms. Although such 
basic building blocks to known life as nitro¬ 
gen, carbon, oxygen and hydrogen are suf¬ 
ficiently abundant, it should be remembered 
that many of the less common elements are 
needful to the present life on Earth. Iodine, 
for example, an important element in the 
living processes of many forms, is not an 
abundant substance. Furthermore, accord¬ 
ing to Clarke (1924), the only elements that 
are represented by more than one percent, 
of the terrestrial elements are oxygen, sili¬ 
con, aluminum, iron, magnesium, calcium, 
sodium and potassium, in the order named. 
For the first listed he gives 49.2'/, descend¬ 
ing to the last with 2.4'/. All are found in 
organisms but most are not present in a 
massive sense. On the other hand, carbon 
in this list shows only 0.08% and nitrogen, 
0.03%. It is thus clear that in the present 
life system some of the basic materials are 
comparatively rare. The discussion of Gold¬ 
schmidt (1937) on the mechanics of con¬ 
centrating influences on the rarer elements is 
especially pertinent in this connection. See 
also Lotka (1925) for further discussion of 
the relative abundance of elements, their 
distribution and especially their availability, 
concentration and circulation. 

Thus far we have not mentioned that 
other important element in the maintenance 
of living systems—radiant energy. It is 
hard to conceive of a hypothetical system 
without a primary or secondary source of 
some radiant energy as a prime mover. 
Since astronomers have given us a great 
amount of spectrograpbie data on radiant 
energy, not only in the Milky Way but from 
far off nebulae, for our purposes, at least, 
it is safe to speculate on the gamut of wave 
lengths sprayed out into the universe. Their 
relative similarity is perhaps their most 
striking feature. The effects on other sys¬ 
tems, for example, the transparency and 
florescence of various substances to differ¬ 
ing wave lengths and related matters, is too 
complex to be entered upon casually and 
would not be sufficiently significant at this 
point. 

With these items in mind, we can make a 
few tentative propositions of what life- 
svstems, if they are to be analogous, would 
require at any temperature-pressure range. 


1. The lower the temperature the greater 
the variety of solids available for body- 
building, while the higher the fewer and 
more limited these would be. 

2. Inverse to this would be the variety 
of fluids and gases for the seas, atmos¬ 
pheres, and body fluids, with an increase 
in kinds and complexities with increased 
temperatures. 

3. The range of the temperature-pres¬ 
sure relationship would have to be such as 
not to change the phase of the body struc¬ 
tures except in a manner analogous to that 
for protoplasmic life. 

4. Radiant energy would have to be such 
as to maintain a source of prime moving 
force and the systems would have to be able 
to utilize it directly or indirectly without 
self-destruction. 

5. Some system of energy exchange by 
continuous chemical activity would have to 
be possible in any milieu imagined. 

6. With these elements the origin of life 
forms would be presented with the same 
basic problems already discussed for life on 
Earth. Speed of development and evolution 
(chemical activity) would be slower in each 
successive lower temperature range. Thus 
the length of time required for each cooler 
period would have to be progressively longer 
for complex entities to develop. 

It should be clear that transfers from one 
temperature level to another, in an evolu¬ 
tionary sense, could hardly be conceivable. 
In connection with this, it is apparent that 
protoplasmic life would be nearly the last, 
or the last, of such a hypothetical series. 
In other words, our temperature range is 
close to the lowest at which it is easy to 
conceive of such activity (see Text-figure 
1). This is for two reasons: (1) so many 
substances are locked up as solids, limiting 
the possible liquid and gaseous environ¬ 
ments, and (2) the level of energy is so 
close to complete entropy that the activity is 
necessarily of a low grade in a purely chemi¬ 
cal sense. 

Stated another way, the foregoing should 
make it clear that life is either a unique 
event not far preceding a full heat death, 
or it is near the end of a succession of simi¬ 
lar phenomena that occur in a series of 
focal points as non-connected modes along a 
descending temperature scale. It may be em¬ 
phasized that each range of such activity 
would have no bearing on the next lower 
one, any more than the previous chemical 
combination of a substance bears on any 
further combinations it may enter as im¬ 
pelled under physical changes. 

Since the Earth supposedly existed at a 
temperature too high for protoplasmic life 
prior to its present condition, the question 
naturally arises as to the existence of a 
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previous similar activity at a slightly higher 
temperature, and if such may have existed, 
what are the chances of finding some evi¬ 
dence of it. Since we have no idea as to what 
range such a thing might have occupied, for 
sake of illustration we might take the range 
of 500° to 600° absolute. This is equal in 
span of temperature to our life range, but 
not far above it—perhaps not far enough to 
be fair to the thesis. It has been selected at 
random for purposes of illustration but, 
nevertheless, an examination of the condi¬ 
tion of the elements is of interest. Instead of 
about seventy-eight percent, of the elements 
being solids, about sixty percent, would be 
solids. There would be about twenty-seven 
percent, liquids as against our fifteen per¬ 
cent. and gases would be about thirteen per¬ 
cent. as against our seven percent. For ex¬ 
ample, the following solids in our life range 
would be liquids: selenium, lithium and 
sulphur, while iodine and bromine would al¬ 
ways be gases. Various elements between 
the range of 500 and 600° would change 
phase as various points were passed. For 
example, cadmium, thallium and bismuth 
would melt and freeze while certain forms 
of phosphorous would boil and condense. 
Lead would occur as a liquid in very hot 
regions, for it melts at (500.*1 , and in the 
presence of other substances (fluxes) below 
that value. 

In a world so conceived, what chance of 
fossil survival would its “organic” remains 
stand on a drop to present temperatures? 
What is known of igneous rocks, their crys¬ 
talline structures, consolidation and meta¬ 
morphosis would certainly seem to preclude 
the survival of any structural entity frozen 
to our relative frigidity. Our earliest fossil¬ 
bearing rocks are so clearly of present tem¬ 
perature ranges that we simply cannot look 
hopefully to such sources for evidence. 

The great variety of carbon compounds 
known to man and the theoretical possibility 
of stupendous numbers of others leads Beut- 
ner (1938b) to consider life a peculiar prop¬ 
erty reached by the proper combinations of 
that element. Silicon has been frequently 
suggested as a conceivable alternate, within 
our life temperature range, largely because 
of its comparable ability to build a large 
number of compounds. This has been most 
recently discussed by Jones (1940). Silicon, 
it may be noted, is not so involved in energy 
exchange systems of which we have knowl¬ 
edge. While not being disposed to debate the 
unique position of carbon, we may submit 
that a mere multiplicity of “building blocks” 
does not necessarily mean that an endless 
variety of structures will actually be built 
nor that a comparatively few types of build¬ 
ing blocks preclude construction. Actually 
there are relatively few of the many known 
carbon compounds to be found in living en¬ 


tities although surely there are many more 
present not as yet recognized. 

Beutner himself seems to be largely con¬ 
cerned with the ingenious devices of 
Butschli, Traube, Leduc, Herrera, Jennings 
and Crile, many of which show simulated 
lifelike activity not involving organic com¬ 
pounds. Although these structures are of ex¬ 
treme interest in various connections, it 
does not seem that they are likely to throw 
much light on the question of the origin of 
life, possibly excepting the work of Herrera. 
Since living entities are clearly controlled 
by the same physical conditions that control 
non-living units, it should not be surprising 
that various arrangements can be made of 
non-living substances that react in ways 
similar to some of those observed in living 
entities. The elaborateness of some of these 
reactions is distinctly interesting and should 
be of aid in explaining behavior, morpho¬ 
logical detail and pattern, but certainly not 
origins. The striking nature of these con¬ 
trivances would seem to be limited only by 
the ingenuity of the experimenter and were 
it not for their spectacular nature would 
not be thought of in connection with a dis¬ 
cussion of the origin of life any more than 
would be experiments which show that ani¬ 
mal heat is comparable to inorganic combus¬ 
tion or that HC1 in the stomach acts in a 
manner identical to HC1 in a test tube. The 
models here under consideration can be seen 
to move or grow' and are comparable to 
studies in locomotion or growth in a man¬ 
ner similar to the above suggested chemical 
comparisons and probably useful to an 
equivalent degree. It should also be clear 
that primarily the right chemical compounds 
must be obtained for “livingness” to begin. 
The form or movements come later, and 
obviously these physical aspects may be ex¬ 
tremely various whereas the chemical na¬ 
ture of life, as we know it, is limited to one 
type of chemical system of energy exchange. 

Rosett (1917), in describing his particu¬ 
lar “design” of an artificial osmotic cell, 
gives an excellent evaluation of the over¬ 
emphasis and under-emphasis that has been 
accorded such studies by various schools of 
thought. 

Beutner (1938a) recognizes the separate 
nature of morphology and “the power of 
self-reproduction” and writes, “Obviously, 
then, living organisms, according to our 
present conception, have two distinct gen¬ 
eral characteristics: 

“1 —The power of chemically transform¬ 
ing the material of their environment (or 
food material) into their own substance; 

“2—The ability to develop diverse forms.” 

The first item is a definition for an auto- 
catalytic enzyme and the second is clearly 
not a basic item in the nature of life but is 
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a historical statement based on what has ap¬ 
parently happened and which condition may 
be needful for long continued survival. 

He considers viruses as having no mor¬ 
phology when he writes, '‘A filterable virus 
possesses the first general property to its 
fullest extent, but nothing of the second 
one.” It might be equally well argued that 
its morphology is on a submicroscopic basis 
as indeed it would have to be, and that it 
possesses morphology in the sense that any 
molecule does, especially since the entire 
atomic theory is based on structure and ar¬ 
rangement (morphology). 

Evidences of Modern Science. 

If we examine the evidences of modern 
science and not the more or less generally 
accepted speculations based thereon, we 
have to dig rather deep to obtain anything 
of real significance. 

For the theologists' mysticism there is 
none at all, except wishful thinking and sen¬ 
timentalism. This is not to be taken as a 
mere derogatory dismissal, for until the 
idea of extra-sensory perception can be 
fully disposed of, simple dismissal cannot 
have the full assurance formerly possible. 
However, if such a concept is to be even con¬ 
sidered, it would automatically reduce to 
the consideration (lb) (page 132). 

For the idea of life as planted, there is 
present-day evidence of the great resistance 
of spores and other living objects to ex¬ 
treme low temperatures and of their pres¬ 
ence in the substratosphere. Coupled with 
this is the known force of radiant solar en¬ 
ergy as a possible propulsive force. How¬ 
ever, there is also the known destructive 
force of unfiltered radiant energy in inter¬ 
planetary space, Lewis (1934). Planting as 
a cosmic accident would thus seem to have 
nothing whatever any longer to support it. 
Carbon found in meteorites has been 
thought perhaps to represent the remains of 
extra-terrestrial life forms. The nature of 
impact of these objects is such as to make 
such a source exceedingly unlikely. Elemen¬ 
tal life forms have been claimed to be re¬ 
covered from the interior of stone meteor¬ 
ites by Lipman (1932), but the true source 
of their origin is still undetermined. See 
Oparin (1938). 

For the concept of spontaneous genera¬ 
tions, several ideas have been brought for¬ 
ward. Born in the biological ignorance of 
early man, to explain his failure to under¬ 
stand the appearance of small animals, a 
mode long disproved, it nevertheless lingers 
in a modified form as a possibility. The part 
of chemical and physical changes in a sys¬ 
tem of mixed substances gives a point of de¬ 
parture on the assumption that the world is 
a cooling sphere. Under the influence of 
solar radiation with the Earth acting like a 
gigantic Soxlett extractor, it is easy to 


imagine life as a spontaneous event on the 
reaching of a certain state. Today, with the 
virus situation as it is, the differentiation 
between living and non-living seems to be 
largely academic, Stanley (1937, 1938a and 
b), Rivers (1939), Hunt (1939) and Martin 
and Fisher (1942). It is to be emphasized, 
however, that viruses or even unicellular 
units may not in the least be primitive, but 
may just as well, so far as present evidence 
goes, be derived from the products of living 
metazoan bodies, Breder (1936). Even if 
Oparin's broader views are accepted, viruses 
would not necessarily have to considered as 
primitive. However, this may be, whether 
viruses came first or last, or all the way 
along the line, there is no really objective 
line of demarcation. 

It is not necessary for us in the present 
discussion to go into a close consideration 
of the steady state which life represents or 
the electric fields which surround such 
units of electro-chemical activity. The work 
of Northrop & Burr (1937) may be noted, 
in passing, as indicative of this field of ap¬ 
proach to the basic nature of livingness. 

No matter what restrictions or modifica¬ 
tions must be made, the terrestrial water 
circulation acts basically like a Soxlett ex¬ 
tractor and strongly influences the present 
chemical composition of the ocean, Lotka 
(1925). That the blood plasma of animals is 
not very divergent from it in a chemical 
sense, and protoplasm itself is clearly re¬ 
lated, makes only a small leap of imagina¬ 
tion necessary to assume a relationship. It 
has been argued most recently by Macallum 
(1926) and Beutner (1938b) that the first 
land animals may have simply carried some 
of their earlier aquatic environment along 
with them. This vcould seem to be too pat a 
statement, for it would seem that if oceans 
and organisms are all part of one evolving 
chemical system, it would be quite natural 
for both to partake of considerable chemical 
similarity. Redfield (1934) gives some very 
suggestive data in this connection. This re¬ 
semblance of organisms would naturally be 
to a fluid in which there was considerable 
matter in solution rather than to the solid 
substrate or to fresh water. The osmotically 
low value of fresh water, if nothing else, 
would hardly be friendly to the consolida¬ 
tion of a primitive gel. See Pantin (1931) 
and Baldwin (1937). Croneis & Krumbein 
(1936) discuss the hypothesis of Chamber¬ 
lin to the effect that life may have originated 
in soil, largely on the basis of the dispersive 
effects of oceanic conditions. Under water, 
subsoil conditions would seem to obviate the 
principal objection. Perhaps the primordial 
gel was interstitial in the sands of early 
beaches, an arena of life now occupied by 
many specialized forms, and which only re¬ 
cently has begun to receive the attention of 
biologists that it undoubtedly deserves. 
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The above remarks apply equally well to 
either a normal chemical evolution or a rare 
“accident.” 

Effects on Scientific Thought. 

The main purpose of the present paper is 
to discuss the effect of these various hypoth¬ 
eses on scientific thought. The different 
ideas that have been advanced to explain the 
methods of evolution are usually given and 
discussed as though the origin of life had 
no bearing on the subject. This is certainly 
not the case but in evaluating the plausi¬ 
bility of any of them we must necessarily 
consider their merits against a background 
of what origin of life is presupposed. Even 
in cases where there are alternates, the one 
selected causes certain strictures or pro¬ 
duces certain effects implied in all reason¬ 
ing derived therefrom. 

The primary forms of organic transfor¬ 
mation that have been suggested by biolo¬ 
gists may be reduced to four basic concepts: 

(1) Inheritance of acquired characteris¬ 
tics (Lamarckianism), now discarded because 
of the failure of experimental evidence. 

(2) Natural selection in the Darwinian 
and neo-Darwinian sense and more or less 
under critical appraisement. 

(3) Orthogenesis, perhaps, not suscep¬ 
tible of scientific investigation by direct 
methods. 

(4) Mutation in the DeVriesian sense or 
in the modern version of Goldschmidt 
(1940) involving violent and sudden trans¬ 
formations. 

All other views seem to be variants or 
combinations of the above four, more fre¬ 
quently differing in terminology than in 
content. See Dobzhansky (1940). 

Before discussing these varying views in 
detail, the number of points of origin of life, 
which also has a marked bearing on the 
whole question of organic relationship, may 
best be examined. 

Considering monophyleticism versus poly- 
phyleticism, it should be clear th«at if the 
latter is implied by the nature of the origin 
assumed, it is pointless to attempt to build 
phylogenetic trees that try to tie all forms 
together. Since most present-day biologists, 
tacitly at least, imply a monophyletic origin, 
it must mean that some of the previously 
discussed ideas of life genesis have been dis¬ 
carded by them. It is evident that while a 
monophyletic origin may be considered for 
all concepts, since life on earth must have 
commenced at least once, such is not neces¬ 
sarily true of every concept. Stated another 
way, polyphyleticism is possible only if 
life origin is part of a normal process 
(planted or spontaneous). While this could 
also be monophyletic, the assumption of a 


rare “improbable” chemical “accident” or 
planting would almost certainly preclude 
polyphyleticism. 

With the “normal” processes of chemical 
evolution, an orthogenetic basis of evolu¬ 
tion would certainly be expected—simply as 
a mere continuing of a spontaneous activity. 
With the planted processes, either repeated 
or rare, or with a rare chemical accident, it 
might or might not be expected. In other 
words, any of the conceivable sources of life 
could carry with it the possibility of some 
orthogenetic scheme “built into” organisms. 
Under such a scheme there would be nothing 
to prevent the possible occurrence of muta¬ 
tions in the Goldschmidt sense. In fact, it 
might well be that such should be expected 
and thought of roughly as somewhat analog¬ 
ous to the change of phase in inorganic 
“orthogenetic” systems occurring when cer¬ 
tain points of development have been 
reached. This concept is, of course, not un¬ 
like that of the emergent evolution of C. L. 
Morgan (1923). 

Natural selection in the coarsest sense 
would no doubt operate from the first. 
Whether it carries over into the refinements 
generally expected of it is another matter, 
but one on which the present discussion may 
be suggestive. If organisms have some such 
orthogenetic “program” built into their be¬ 
ings, it is certainly not surprising that neo- 
Darwinians have much trouble in trying to 
explain natural selection on a micrometric 
basis. 

Adaptation, in the teleological sense, these 
thoughts do not tend to support, since the 
organic units must by random or other 
means find themselves in environments in 
which they could continue as such. Here 
again only the coarse effects can be argued 
for with any strength. All others could be 
just as well accounted for by some straight 
process of orthogenesis in which the pri¬ 
mary organisms either found themselves in 
an environment sufficiently suitable or per¬ 
ished if they did not. 

It is of more than passing interest in this 
connection that Spencer & Melroy (1942), 
on a basis of their results on exposing bac¬ 
teria, protozoa and flat worms to carcino¬ 
genic agents through many generations, 
wrote, “The biological generalization that 
certain environments may be ontogeneti- 
cally harmless but phylogenetically lethal is 
suggested.” 

This should not be interpreted to mean 
that organisms are not affected by their en¬ 
vironment except to survive or perish. How¬ 
ever one may care to try to account for the 
interesting associations of highly specialized 
organisms of today with their environment, 
these refinements certainly appeared at a 
relatively late date in phylogeny unless one 
wishes to assume that this feature of evo¬ 
lution is an inherent property of organisms. 
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If it is, it is rather amazing how many ani¬ 
mals have lost the faculty of transmitting 
environmental effects (acquired characters) 
at least quickly, and how well they manage 
without it. This thought is, of course, re¬ 
lated to the complete inability of any one to 
establish satisfactorily the inheritance of 
acquired characters. 

The well-known habit of flounders of 
quickly matching their background in con¬ 
siderable detail may be considered a matter 
of individual behavior. This operates, and 
presumably without conscious effort, through 
sense organs (the eyes) but is in truth no 
more remarkable than the fact that we 
stand on two legs without conscious effort. 
Very possibly a flounder on a wrong back¬ 
ground is as uncomfortable as we arc when 
out of plumb. Since any creature necessarily 
is limited to the equipment it is endowed 
with, it normally makes use of such as it has 
and survives or not, according to the results 
obtained. This, of course, is a far cry from 
the implications of the adaptationists who 
for long have certainly over-played the nice¬ 
ness of fit between organism and environ¬ 
ment and have failed conspicuously to ex¬ 
plain the development of complex organs, 
such as eyes, for example. That it is at least 
possible for flounders to reach sexual ma¬ 
turity without benefit of the usual color 
matching changes has been shown by Breder 
(1928). TJis fish may have survived on a 
purely random chance or it may have con¬ 
sistently kept its conspicuous coloration out 
of sight by more adequate burial than is 
usual to the species. 

All this obviously implies that what an 
animal does with its equipment is consider¬ 
ably superior to what particular kind it has, 
in a functional sense. The divergence of the 
forms of organisms can certainly be used to 
support this view as well as the essential 
basic similarity of what they all do. What it 
does is more closely associated with the re¬ 
strictions of environment than what it has. 
Stated another way, a Mammoth can be 
frozen in the Arctic tundra for generations 
and essentially retain its form outside of 
temperature ranges at which it can do any¬ 
thing. Or again, an insect might have its 
form changed (and be ruined) by being 
caught in the beak of a bird. It could be 
saved from this by flying away (if it had 
wings*, crawling between grass blades (if 
it had none), or even just by sitting very 
still. This is merely fitting its activity to 
its morphological limits to suit its environ¬ 
ment. That these morphological limits may 
be exceedingly various is evident from the 
above—but wnat it does must fit its needs 
much more closely; thus a long-legged and a 
short-legged insect may find shelter beneath 
the same leaf. It is little wonder that the 
“fitness” and lack of “fitness” of animals to 


environment as based on morphology have 
given rise to endless discussion. 

Returning to the basic argument, how¬ 
ever, it should be clear from the preceding, 
without laboring the point, that before such 
activity can take place at all the primitive 
organic entity must first fit its environment 
in a purely physiological sense. The tem¬ 
perature thresholds that hem in our kind of 
life are clearly first in physiological impor¬ 
tance and these must be substantially main¬ 
tained long before adjustments between one 
animal and another can even be conceived. 
The losses of species due to glaciation and 
other major changes so far overshadow 
micro-adjustments that one is forced to 
wonder at their alleged importance. If an 
orthogenesis could be established, all the ob¬ 
served results could be reasonably explained, 
whereas the reverse cannot be said for the 
usual concepts of pure natural selection and 
other similar ideas. 

Finally, the thoughts here expressed lean 
strongly to the conception of life origin on 
Earth as a physico-chemical evolution of the 
sort conceived of by Oparin (1928). This 
inevitably carries with it a strong bias to 
orthogenesis, places emphasis on the funda¬ 
mental limiting factors of life, on the im¬ 
portance of what an organism docs with its 
equipment rather than what equipment it 
has, and questions the micrometric func¬ 
tioning of selective processes. Furthermore, 
in an evolving physico-chemical system in 
which one reaction follows another, no one 
would think of referring to the disappear¬ 
ance of some compound, as the result of this 
activity, as natural selection. Only when 
such become sufficiently complicated and in¬ 
dividuated does this word put in its appear¬ 
ance ( biological literature) and in this sense 
would seem to be reducible to the status of a 
convenient phrase to hide behind. Lotka’s 
(1925) chapter on “the statistical meaning 
of irreversibility” is very suggestive in this 
connection as is the physico-chemical deter¬ 
minism of Alexander (1929). 

The function of reproduction in connec¬ 
tion with this problem is far from clear. 
Oparin (1928), in spite of his interesting 
discussion of coazervate systems, becomes 
somewhat vague at this point. Since it is 
one of the generally obvious basic differ¬ 
ences between the animate and inanimate, 
it is in serious need of further critical study 
from new approaches. Perhaps here, after 
all, lies the key to the secret of life and what 
may be responsible for the effects that have 
given biologists so much trouble of inter¬ 
pretation. Since viruses apparently do not 
have need for the elaborate mechanisms of 
reproduction to be found in the larger life 
forms, it may well be that the entire busi¬ 
ness of both sexual and asexual reproduc¬ 
tion is a means of circumventing the re- 
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stricting influences of elaborate morphologi¬ 
cal structure, a need that does not arise so 
long as the naked enzymes have no more 
than molecular structure with which to deal. 

If we consider life as a retardation of a 
general increasing entropy it follows that 
by the peculiar nature or living processes 
we have in effect a building up of a certain 
amount of back pressure to the degradation 
of energy. This, so far as we know, always oc¬ 
curs in individuated clumps of heterogeneous 
matter—the individual of the biologist. This 
goes on for a time and finally the individual 
disintegrates. From the first, all such indi¬ 
viduated organizations are fighting a losing 
battle against the general downward trend 
of available energy, which is evidently 
bound to culminate in death. This places re¬ 
production in the role of casting off new 
colonies of such aggregates of material— 
like a long relay race up a down-moving 
escalator. Whether this necessarily culmi¬ 
nates in the eventual loss of the race and 
the generally accepted heat-death is still not 
clear, at least for our little niche in the 
space-time frame. A priori, there seems to 
be no particular reason for things working 
just that way, for surely it is conceivable 
that some sort of energy exchange system 
could be imagined that would not necessarily 
exhaust itself in a short time, passing on 
only a tiny fragment saved from the forces 
of destruction, if it were not running a 
breathless race up a down-escalator. 

These ideas lead naturally to a piece of 
pure speculation that it is tempting to in¬ 
dulge in and which really is at the heart of 
the perhaps seemingly unconnected items 
that comprise this paper. If we visualize all 
known items within our universe as a sim¬ 
ple expression of physico-chemical activity, 
as a part of an increasing entropy, it is 
clear from the preceding that we are very 
near the end, in a cosmic sense. Life, as we 
know it, appears well along to the end and 
gives the appearance of a manifestation that 
seems to give back pressure to the common 
lowering of energy levels. Up to the appear¬ 
ance of autocatalysis all activity would run 
along well enough according to the straight¬ 
forward operation of the Second Law. Fi¬ 
nally the autocatalysists emerge into ex¬ 


tremely complex individualized units pos¬ 
sessing tremendous urges to run counter to 
the forces of their surroundings, which 
urges are more and more forceful as that 
strange element “consciousness” appears. 
Finally we reach the stage of present man 
with his deliberate, elaborate and more or 
less successful attempts to modify his en¬ 
vironment. With this has come careful, 
though blundering, thought processes at¬ 
tempting to understand what it is all about, 
purely emotional at first but grading finally 
into an intellectual and objective plane. One 
wonders if this drive is a new one directed 
against the continuing entropic drift simi¬ 
lar to but superimposed and of a later order 
than the fundamental sex drive that seems 
to be the final difference between the inert 
drift downward of the non-living and the 
hold-back of living entities. Looked at this 
way, there is little wonder that such opera¬ 
tions are a source of trouble and a general 
preoccupation. 

This, of course, is as far as w r e can see, 
as it is the level of activity at w T hich we now 
cut off. What then of the future? Two pos¬ 
sibilities seem to appear. First that the life 
activity merely peters out sooner or later, 
and it is in truth just one hold-back on a 
descending energy scale (and there may 
have been others, as already suggested) and 
will pass on with the universe to complete 
entropy. Secondly, it may be that life ac¬ 
tivity is of more importance than reason 
dares permit us to postulate. The present 
activity of man one may speculate upon as 
part of the physico-chemical evolution now 
going on but inducing a progressive retar¬ 
dation in the otherwise increasing entropy. 
This could conceivably result in one of two 
fashions. One w'ould be an increasing slow- 
ing of the process as entropy approaches the 
absolute. In other words, the evolution of 
such a physico-chemical system could be 
expressed by a curve reaching an asymptote. 
The other w r ould be a complete reversal of 
trends, perhaps brought about by the “in¬ 
telligence” of some groups of individuated 
bits of matter in w y hic*h case the curve might 
be something in the form of a parabola, a 
hyperbola or, fantastically, even a closed 
figure. 
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A 

Aronophora fusiformib, 126 
rmirginata, 126 
palloscenh, 126 
projorta, 126 
Aibula. 48 
vulpoR, 44 

Amabtris antica, 12H 
com pact a, 128 
minuta, 128 
obtcwns, 128 

Amazona morrenaria morrenaria, 60 
Amoiurus nebulosus, 86 
Ammobia. 81 
Ammophila, 82 
Ampules minor, 2U 
sairax, 26 
Ampulieidae. 26 

Annbarerthm strintieollis monlanus, 51 
Ana bat oh montanus, 51 
oohroluomtis, 51 
Anchoviolin sp., 44 
Am 1 uilia, 61 

Armuispira allernata, HI 
Anna d< pressicornis, 16 
Anopt ichlhys, 7. (8) Plate* I HI 
Jordan l, 7, 14 
Antianthr expansa, 128 
Anti lope eervimpra, 16 
Aphriza vinrnta, 46 
A rati mm mitrata mitrala, 50 
Arromon frontalis, 58 
Artibons jamaioensis, 10 
Artiodnctyla, 17 
Astynnax, 8 
mcxieanus. II, 11 
At henna sp., 41 

Alla polos brunnei-riurhn hnumm-nucha. 58 
Atomnrihus rnuHimnoulalus. 121 
Automolus oohrolaomus o< hrolaomu <• 51 

H 

ICi ->on bison, 16 
Blenmus enrnutus. 65 
Horydium udnbulnro, 126 
Hoothoos rot iruluta, 127 
Bos taurus, 16 
Box salpa, 65 

<: 

Camlinrus bJandinyii ruevarhirae, 11 
(’ampylcnrhia hastain, 126 
Capito rlaucojinlaris, 51 
versicolor ftlnurotpdaris, 51 
Pupra hircus, 16 
Caprimulriia oeellutus, 50 
(’arassms auralus, 86 
CVrosn snllai, 127 
vitulus minor, 127 
Corvua axis, 16 
canadensis, 16 
Ceyx dillwynni. 56 
enopopyjrius, 56 
erithacus, 56 
erithacus captus, 58 
orit hams erithacus, 55 
erithacus marrornrus, 56 
erithacus motleyi, 56, 57 
erithacus vanrasi, 58 


innominntus, 58 
molumiruh, 55 
rutidorsa, 58 
rufidorsus, 55, 57 
rufidoraua junifei, 56 
rufidorsus rufidorsus, 58 
Phama^za brovioauda cdivana, 51 
olivaroa, 51 
Phanos, 45 

Pharadrius Wintorfoldi, 46 
Phclidonichthys cuponsis, 65 
Phlorion, 80 

(Ammobia) hrusilianum, 81 
(Ammobia) funestum, 81 
(Ammobia) irbm umoncum, 81 
(Ammobia) melanopnm, 81 
(Ammobia) nootropirnm, 81 
(Ammobia) simrularih, 81 
(Isodontia) eztecum, 80 
(Isodonlia) rostipennis, 80 
(Tsodontia) dolosum, 80 
(Priononyx) striatum, 30 
Pissopis lovoriana levoriana. 52 
minor, 52 

Plinus anruillaris, 65 
cap* iihis, 65 
oottoidos, 65 
sup< rciliosiih, 65 
taures, 65 

C'hipoa harrnruh, 75 
Pnosli rodon doremmaculatuh, 85 
('oluniba f ronut a, 50 
infuscata, 58 
mcloda. 50 
plumbca dclirnta. 58 
Pomirus mifratus, 50 
rupirola, 50 
Cyrlopv 18 

Pj mhomorpha dorsal a, 127 
Pyphonia I’av.ita, 128 
proxima. 128 

Pypliorhimis thoracicus, 52 

Cyprin us, *-9 
rarpio, 86 

I) 

Harms iatior, 127 
partita, 127 

Demina olapP s t hunt hotamlio, 51 
Dixonina, 48. Plates 1, II 
nemoptera, 48 
paciRca, 18 
Dorosonia, 15 

E 

Elaonia \iridifla\a, 51 
Klapomorphus mexiramim, 87 
Enrhennpa albidorsa, 126 
lunceolatn. 126 
sorratipcs. 126 

Endosphacra eimolmamii, 66 
Kntomodosti s leurotis, 52 
Krorhtin brunneidorsata, 126 
punctipoM, 126 
Esox lurius, 86 
masquinon" , v, 71 
niuror, 71, ^6 

Emdundimi rosea, 81, (15) Plate I 
Exeloncophia, 33 
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F 

Fundulus, 85 

G 

GaBtcroHtouB, 90 
Geagras redimitia, 35 
Gobiosoma boBci, 61 
molcatum. 61 

robuatum, 61, 63, (11) Platen I, II 

II 

Helix, 82 

HeniconotUH armatus, 127 
Heteronotus Bpinosus, 127 
tridenB, 127 
Hille exaltala, 128 
hcrbioola, 128 
Homalocranion deppei, 36 
praeoculum, 38 
Homaloeranium atricepa, 34 
bocourti, 84 
boulengori, 38 
deppei, 36 
jani, 36 

melanooephalum, 37 
miniatum, 36 
moeata. 38 

Horiola lineolata, 127 
pipta, 127 

Huro aalmoidca. 78 

1 

Ipterus brpvirostrifi, 53 
Iridoaornis analis analia, 52 
Isodontia, 30 

J 

Jcnkinsia, 77 
Jenynaia lineata, 85 

L 

I/ebisU»a reticula( uh, 86, 38, (16) Platen I, II 
Leioscyta rufidorHa, 126 
Lepomis auritus, 76 
Leptopogon Buporoiliaria, 52 
auperoiliaris auperciliaris. 52 
Leuculepis thoracica tboracica, 52 
Liguus, 82 
Limaeea, 82 

Limia tricolor, 86, 88, (16) Plate II 
Imphius piaeatoriua, 89 
Lyeoderes hippocampus, 129 

M 

Macrobrachium jumaiceriBis, 11 
Membracidac, 125 
Membracia arcuata, 125 
faaeiata. 125 
foliata, 125 
fusca, 125 
provittata, 125 
Meaomphix cuprcua, 81 
inornatus, 81 

Mieronycteria megalotia mexicanus, 11 
Micrutalis pallens, 127 
Mollieniaia latipinna, 86. 88, (16) Plate I 
aphenops, 86, 88. (16) Platen I, II 
Molothrus bonarienais occidentalis, 53 
Mormnopn megalophylla aonicula, 10 
Mormyrua, 88 
Moronc labrax, 78 
Mugil, 3 
capito, 65 

N 

Nassunia bindtata, 127 
Natalus mexicanus, 10 
Natrix valida, 121 
Notemigomia. 89 

Nyctiphrynus ocellatus oeollatua, 50 


o 

Odocoileus virginianus, 19 
Opiathonema, 45 
Opsanus beta, 62 
tau, 62 

Oreopeleia bourcieri frenata, 50 
bourcieri aubgrisea, 50 
Ortalia guttata adaporaa, 49 
Orthalicua, 82 

Ortygonax rytirhynchua rytirhynchua, 53 
Ovi» ariea, 19 
canadensis, 19 
musimon, 19 
tragelaphus, 19 

P 

Penelope adaporaa, 49 
Pholeomyia indecora, 11 
Pimelodus clariaa, 85 
Pionua tumultuosiiH, 50 
Pipra ehloromeroa, 52 
Platypoeciliis, 8 

variatus, 85, 86, (16) Plates I, II 
Pneumatophorus grex, 75, (14) Plate I 
Podium, 29 
brovieolle, 30 
(I)ynatUh) nigripes, 29 
porianum, 30 

(Trigonopsis) abdominale. 30 
Poeciliids, 85, (16) Plates I, II 
Pot phagUH grunniena, 19 
Polygra aeptcmvolva, 82 
volvoxis, 82 
Priononyx, 30 
1'riatopoma bennettii, 65 
Phoudopleuroneeteh americanua, 89 
Paittacua mercenarius, 50 
tumultuoaus, 50 
I’sychoda ap., 11 
Pterygia eervieops, 126 
uropigii, 126 
I’tilogonys leucotis, 52 
PungituH, 89 
Pyrrhura rupicola, 50 

R 

Kallus eae'dus, 53 
Ithexia pallescena, 128 

s 

Sceliphron, 30 
fiatuluro, 30 

Seolceophis fumicepa, 38 
Scorpaena, 65 
Signaloaai. 45 
Spbocidae (Sphecinne), 29 
Spheroides maeulatua, 65, 71 
toatudineus 66 
Sphex, 31 

ahbreviat ua, 31 
melannrius, 31 
mutieus, .31 
opulent ua, 32 
Rquilla hancocki, 44 
Stepaspis insignia, 128 
laevipennia, 129 
Rtictopelta fraterna, 127 
Stixoslcdion, 47 
Stylocentrus nncora, 128 
Rymphodua, 65 

T 

Tanagra analis, 52 
frugilegna, 52 
Tantilla, 33 
armillata, 36 
atricopa, 33, 34 
bimaculatn, 35 
bocourti, 33, 81 
breviasima, 33 



1942] 


Index to Parts I-U 


147 


calamarina, 83, 35 
ounula, 33, 85 
coronata, 83 
eunieulator, 33, 35 
deppoi, 33, 30 
depressa, 33 
doviatrix, 33, 80 
ciseni, 33, 41 
fumieopK, 33 
fusca, 37 
jfraciliM, 33 
hobarUmithi, 33, 30 
jani, 33, 30 
kirnia, 33 
lintoni, 33 

martmdeleampoi, 38, 37 
melanooephula, 30 
mexieana, 33, 37 
miniata, 33, 38 
miniator, 88, 8H 
moeBta, 33, 38 
moesta cunuulutor, 35 
nelboni, 33 
nitrrici'pa, 33 
nucriccpis fumicepb, 38 
nifirritf?js nipriceps, 38 
phrenitica, 33, 30 
plunicops, 83, 11 
rubra, 33, 40 
rubricuta, 33 
hrhibtoBa, 39 
btriata, 33, 10 
taemata, 87 
trilineata, 37 
trivitlatu, 37 
utahomus, 33 
virKula, 37 
wa^neri, 33 
wilt'uxi, 33, 10 
wilcoxi rubrieata. 40 
wilcoxi wileoxi, 40 
yaquia, 33, 41 
Tantillita, 38 
Tarpon, 4G 
Taurotratfua oryx, 19 
Thamnophilua luctuosus, 53 
molnmx'hrous, 53 
Thamnophia, 07 
unyustirostris, 120 
chrysoecphalus, 104 
eques cyrl opals, 105, 10S 
eqiies equoB, 104, 100 
oilucs poatremuH, 100 
macroatcmma mucrostemmn, 115 
macroHlemma mopalops, 115 
marciamiH, 114 
melanotfustor canescens, 117 
melanopastor melanojraster, 110 
ordinoidcs errant*, 112 
ordinoidcs vaprans, 113 
phenax halophikih, 100 


phenax phenax, 90 

rufipunctatUB, 120 

ruth ven i, 114 

haurituH chalceuH, 116 

sauritua proximus, 110 

Bcalaris, 100 

scalans godnmni, 101 

sen laris sea laris, 100 

soalariB seuliper, 103 

sirtaliH parietalis, 114 

BiimichruBti cerebronuB, 110, 111 

sumiohrasti fulvun, 110 

Humichrayti praeoculariB, 110, 111 

sumichrasti sumichrasti, 110 

vicinus, 104 

Thraupis bonariensis darwinii, 62 
Tolania opponent*, 120 
Torpedo Occident aim, 25, 26 2 S 
Trichodina, 05 
blenni. 65 
rheiidoniehthys, 05 
elnii, 05 
fariai, 06 

halli, 06. 60, 67, (12) Plates J-II1 

labrorum, 05 

rnitra, 09 

mupiliH, 05 

patellae, 71 

pedieulus, 70 

renirola, 70 

st'orpauna, 05 

Kpheroidesi, 05, 06, 66, 68, 69, (12) Plates 1-I1I 
steinii, 60 
sooploplontis, 70 
Trurla, 05 

Triodopsis albolabris, 81 
TropidonotuH Baronis Mulleri, 110 
urahamii, 110 
mlcrmediu , 00 
rm sonieluiius, 110 
nytrix, 00 

Tynolm hirsiita. 128 
Tyrunnibcus viridiflavus, 61 

u 

Umbonia spinosa, 120 
Urceolaria korschelti, 71 

V 

Vanduzia triputtuta, 128 
Vauehomia ne))hritica, 70 
Vorticella nebulifera, 70 

X 

XiphophnruH hellerii, 73, 74, 85. 88, (16) Plate I 
Xiphorhynchua rhuurhotumbo ehunchotambo. 51 

z 

Zenuida abtali< a meloda, 50 
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